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SUMMARY 


(U)  The  Innovative  Strategic  Aircraft  Design  Study  (ISADS)  was  conducted  to 
identify  and  assess  advanced  technologies  offering  favorable  impacts  on  a 
post- 1995  manned  strategic  penetrator,  and  to  evaluate  those  technologies  by 
integrating  them  into  five  strategic  aircraft  concepts: 

1.  Low-Cost  Simplistic 

2.  Minimum  Weight 

3.  Minimum  Penetration  Time 

4.  Low  Observables 

5.  Laser  Defended 

(U)  The  technology  areas  investigated  included  aerodynamics,  propulsion, 
structures,  controls,  and  stealth.  A 50-percent  reduction  in  cost  and  weight 
was  obtained  for  the  ISADS  concepts  using  1995  technologies,  which  include 
composite  primary  structure,  superplastic- formed/ diffusion-bonded  (SPF/DB) 
titanium  nacelle  structure,  advanced  supercritical  airfoils,  active  and 
passive  laminar  flow  control,,  advanced  afterburning  turbofans,  and  active 
controls. 

(U)  The  five  concepts  were  sized  to  an  unrefueled  5,250-nautical-mile  "high- 
low-  low-high"  -strategic  penetration  mission.  Takeoff  weights  of  300,000  to 
550,000  pounds  were  obtained,  as  compared  to  over  twice  that  for  a comparable 
current  technology  baseline  sized  for  the  same  mission.  Flyaway  costs  were 
found  to  be  about  $35  million  (1977  dollars) , excluding  technology  development 
costs.  Master  program  schedules  showed  RDT8E  start  dates  around  1985  in  order 
to  obtain  1995  initial  operational  capability  (IOC), 

(U)  The  major  lessons  learned  from  ISADS  are  that  substantial  weight  and'  cost 
savings  (up  to  50  percent)  will  be  realized  by  technologies  now  under  develop- 
ment, and  that  weight  and  cost  of  a follow-on  manned  penetrator  will  be  very 
sensitive  to  assumptions  made  early  in  the  design  process  as  to  mission  range, 
speed,  altitude,  refueling  capability,  and  subsystem  requirements. 
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Section  I 
INTRODUCTION 


PROGRAM  OVERVIEW 

(U)  The  Innovative  Strategic  Aircraft  Design  Study  (ISADS)  was  sponsored  by 
the  Air  Force  Aeronautical  Systems  Division,  Deputy  for  Development  Planning 
(ASD/XRT),  Its  purpose  was  to  identify  alternate  approaches  to  the  preliminary 
design  of  advanced  strategic  aircraft  through  the  application  of  innovative 
concepts  and  the  most  effective  combinations  of  advanced  technology.  The 
findings  of  the  study  will  be  applied  to  establish  guidelines  for  Air  Force 
and  industry  technology  advancement  activities  and  to  provide  a system  option 
for  exercising  in  planned  strategic  mission  analyses  wherein  the  spectrum  of 
penetration  approaches  will  be  considered. 

(U)  Figure  1 summarizes  the  five  baseline  concepts  developed  to  meet  the 
ISADS  5,250-nautical-mile  "high- low- low-high"  penetrative  mission.  Weight  and 
cost  savings  in  excess  of  50  percent  compared  to  a current  technology  aircraft 
sized  to  meet  the  same  mission  are  due  to  the  application  of  1995  advanced 
technologies  identified  in  the  first  task  of  the  ISADS  study.  These  technologies 
include  aerodynamic  surface  coatings,  advanced  supercritical  and  variable 
camber  wings,  composite  primary  structures,  advanced  afterburning  turbofans, 
and  active  controls. 


EEBSEECTiVE 

(U)  Since  the  conclusion  of  World  War  II,  America's  defense  posture  has 
rested  on  the  strategic  nuclear  deterrence  philosophy.  For  almost  20  years, 
this  has  been  manifested  in  the  Triad  concept,  in  which  land,  sea,  and 
airborne  nuclear  forces  complement  each  other's  .deterent  effect  and  provide 
a measure  of  security  against  a sudden  technological  development  which  could 
neutralize  one  force.  Due  to  the  age  of  the  existing  systems,  all  three 
legs  of  the  Triad  are  due  for  update,  The  MX  missile  program  is  to  update 
the  land  leg,  and  the  Trident  submarine  program  is  to  update  the  sea  leg, 

The  airborne  leg,'  the  manned  bomber,  is  the  only  leg  which  provides  a 
reasoned  controlled  capability  through  the  entire  spectrum  of  conflict 
and  is  the  only  leg  which  has  been  verified  in  actual  warfare  as  indicated 
below: 

MANNED  BOMBER  ADVANTAGES 

* Recallable 

• Permits  Show  of  Force 
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Low-Cost  Simplistic 


TOCW 

Length 

Span 

Flyaway  cost 


302,396  lb 
76.7  ft 
81.1  ft 
$31.8  M 


iBV 
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Laser  Defense 


TOGW  - 340,808  lb 

Length  • 104  ft 

Span  - 115.8  ft 

Flyewey  cost  - $40.3  H (+  laser  cost) 

(U)  Figure  1.  ISADS  1995  manned  strategic  penetrators . (U) 
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• Man  at  the  Controls 

• Survivable 

• Flexible 

• Reusable 

• Only  'proven'  element  of  the  Triad  (U) 

(U)  The  importance  of  the  manned  bomber  in  the  overall  Triad  concept  is 
illustrated  in  Figure  2 which  shows  the  relative  number  of  warheads  delivered 
on  target  by  each  leg  of  the  Triad,  Currently,  the  manned  bomber  provides 
just  under  half  of  the  total.  However,  recent  political  actions  have  prevented 
the  scheduled  update  of  this  leg  of  the  Triad.  By  the  year  2000,  aircraft  age 
will  place  the  entire  airborne  leg  of  the  Triad  in  doubt.  It  is  to  this 
unknown  future  that  the  ISADS  study  was  addressed. 
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(U)  Figure  2.  Strategic  warhead  delivery  requirements.  (U) 

(U)  The  Innovative  Strategic  Aircraft  Design  Study  was  conceived  to  examine 
advanced  technology  applications  to  conceptual  strategic  aircraft  designed 
to  meet  postulated  requirements  of  the  post-1995  time  period,  and  to  conduct 
a technology  assessment  effort  wherein  the  performance  and  cost/benefits 
expected  through  the  use  of  advanced  technology  could  be  evaluated.  The 
findings  of  this  study  will  be  applied  to  establish  guidelines  for  Air  Force 
and  industry  technology  advancement  activities  and  to  provide  a system 
option  for  exercising  in  planned  strategic  mission  analyses  wherein  the 
spectrum  of  penetration  approaches  will  be  considered.  The  timeliness  of 
this  study  is  evident  in  Figure  3,  showing  the  20  years  it  would  have  taken 
to  develop  and  deploy  the  B-l,  Now  is  the  time  to  start  work  for  a 1995 
Initial  Operational  Capability  (IOC)  manned  strategic  penetrator, 
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ROCKWELL  APPROACH 

(U)  The  approach  Rockwell  selected  to  accomplish  the  ISADS  study  is  a filtering 
or  screening  process  (Figure  4).  The  initial  inputs  of  requirements, 
mission,  and  payload  data  were  enhanced  with  a selected  list  of  technology 
candidates.  These  technology  candidates  were  the  result  of  an  extensive 
technology  identification  and  assessment  effort  dealing  with  1995  technologies 
in  the  areas  of  aerodynamics,  propulsion,  structures,  materials,  and  stealth. 
Advanced  technologies  offering  improvements  in  cost,  weight  and  performance 
were  identified  and  analyzed  as  to  probable  availability  date  and  system 
impact.  From  these  technologies , a list  of  selected  technologies  was  pre- 
pared and  integrated  into  a number  of  aircraft  concepts  for  each  mission  or 
system  type.  The  configuration  filtering  process  proceeded  by  accomplishing 
successively  more  detailed  analyses  on  fewer  and  fewer  configurations.  These 
concepts  were  divided  into  the  following  categories: 

1.  Low  cost  (simplistic  airframe) 

2.  Best  performance  (minimum  gross  weight) 

3.  Best  performance  (minimum  time  at  penetration  altitude) 

4.  Low  observables  (stealth) 

5.  Laser  weapon  (defensive) 
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5-7  CONCEPTS  2-3  CONCEPTS  ONE  BASELINE  1 

PER  CATEGORY  PER  CATEGORY  CONCEPT  PER  j 

CATEGORY  | 

UNCUSS  IFIED  I 

(U)  Figure  4.  Rockwell  approach.  (U)  | 

I 

i 

(U)  The  results  of  the  filtering  process  were  a single  baseline  concept  for  \ 

each  category,  which  was  sized  to  a 5,250-nautical-mile-range  high-low- low-  J 

high  mission  (Figure  5),  with  alternate  theater  and  standoff  missions  1 

(Figure  6),  A 50,000-pound  payload  was  assumed.  Weight,  performance,  and  j 

cost  results  were  prepared,  along  with  program  plans  detailing  source  selection,  \ 

full-scale  development,  production,  IOC,  and  DSARC  reviews.  Trade  studies  j 

evaluated  the  impact  of  selected  configurational  and  technological  trades. 


t 


(U)  Figure  5.  ISADS  strategic  mission.  (U) 
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• RIDE  QUALITY  I FLIGHT  CONTROL  - AFFDL  TR  73-135 

.NUCLEAR  HARDENING  ! 8*  E£/CM*  ENVIRONMENT 

• PAYLOAD  - 50,000  LBS 

- 16  ADVANCED  ALCM  ON  2 ROTARY  LAUNCHERS 
• ALTERNATE  CONVENTIONAL  STORES 

UNCLASSIFIED 

(U)  Figure  6.  Other  program  ground  rules.  (U) 


PROGRAM  ORGANIZATION 

(U)  The  ISADS  was  sponsored  by  the  Air  Force  Aeronautical  Systems  Division, 

Deputy  for  development  planning  (ASD/XRT) . The  Air  Force  program  manager  was 
Capt,  Milton  R.  Moores,  USAF. 

(U)  The  study  was  conducted  by  the  Los  Angeles  Division  of  Rockwell  International, 
with  the  Garrett  AiResearch  Manufacturing  Company  as  subcontractor,  Michael 
R.  Robinson  served  as  program  manager,  assisted  by  Daniel  P.  Raymer,  deputy 
program  manager.  Individual  tasks  were  directed  by  project  managers  from  the 
appropriate  functional  area, 

(U)  The  study  was  organized  into  seven  tasks.  These  tasks  and  their  primary 
components  are  presented  in  Figure  7\  The  task  structure  allowed  maximum 
flexibility  required  for  such  a "forward-looking"  program  while  providing  the 
visibility  to  minitor  progress  an'd  assure  timely  completion  of  each  element  of 
the  program  approach.  The  tasks  are  defined  in  the  following  paragraphs. 

(U)  These  tasks  are  further  detailed  in  Appendix  A.  Figure  8 summarizes  the 
program  schedule  by  task  element. 
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(U)  Figure  7.  ISADS  program  flow  chart.  (U) 


TASK  I - TECHNOLOGY  PROJECTION 

(U)  In  this  task,  Rockwell,  with  its  subcontractor,  Garrett  AiResearch 
Manufacturing  Company,  projected  the  probable  technologies  suitable  for 
implementation  into  a 1995  aircraft.  Technologies  were  broken  down  into  areas 
of  aerodynamics,  propulsion,  flight  controls,  structures,  and  stealth,  and 
assessed  as  to  their  cost,  risk,  and  effectiveness  for  the  year  1995, 


TASK  II  - CONCEPT  FORMULATION 

(U)  The  advanced  technologies  identified  in  Task  I were  incorporated  into  34 
configuration  sketches  in  the  five  categories  previously  mentioned.  These  con- 
concepts  were  subjected  to  a three-step  filtering  process  to  select  one  baselir-’ 
for  each  category.  These  baselines  were  sized  and  drawn  as  detailed  layouts, 


TASK  III  - BASELINE  REFINEMENT 

(U)  The  five  baselines  were  optimized  and  subjected  to  a series  of  trade  studies 
by  varying  technologies  and  design  features.  Performance  and  weight  was  cal- 
culated for  each  trade. 


UNCLASSIFIED 


7 


UNCLASSIFIED 


TASKS/CALENDER  MONTHS 


I - ADV  TECH  PROJECTION 

REVIEW  RELATED  STUDIES 
IOENT  1995  TECH  BASE 
TECH  MISSIONS  ASSESS 
A (RESEARCH  PROP.  TECH 

II  - DESIGN  CONCEPT  FORM 

INITIAL  DESIGN  CONCEPTS 
CANDIDATE  CONCEPTS  OEF 
CANDIDATE  CONCEPTS  EVAL 
SELECT  5 BASELINE  CONFIG 
DEVELOP  DESIGN  LAYOUTS 
A I RESEARCH  PROP.  DATA 

IV  - BASELINE  REFINEMENT 

DESIGN  TRADES/OPTIMIZE 
FINAL  DESiuN  LAYOUTS 
PERFORMANCE  ANALYSIS 

IV  * COST  ANALYSIS 

RDTSE  COSTS  ANALYSIS 
ACQUISITION  COSTS 
OfiS  COSTS 
LIFE  CYCLE  COSTS 
COST  TRADES  ANALYSIS 
A I RESEARCH  PROP.  COSTS 

V - PROGRAM  PLAN  DEF 

TECH  PLAN 

ROT6E  FLAN 

PRODUCTION  PLAN 

OfcS  PLAN 

AF/DOD  REVIEWS 

A I RESEARCH  PROP.  PLANS 

VI  - PROGRAM  MANAGEMENT 

AF  REVIEW  POINTS 
PROGRAM  BRIEFINGS 

VI  I - CONTRACT  DATA  ITEMS 
MONTHLY  REPORTS 
R&D  STATUS 
PERFORMANCE  t,  COST 
FINAL  REPORT, 


(U)  Figure  8.  Program  schedule  summary.  (U) 
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TASK  IV  - COST  ANALYSIS 

(U)  RDT9E,  acquisition,  operations  and  s import,  and  life  cycle  costs  were 
calculated  for  the  five  baselines.  Cost  sensitivities  were  prepared,  and  cost 
traces  were  conducted. 


TASK  V - PROGRAM  PLANNING 

(Uj  Development  and  production  programs  were  prepared  for  each  of  the  five 
baselines.  Also,  technology  development  plans  were  prepared. 


TASK  IV  - PROGRAM  MANAGEMENT 

(U)  Under  this  task  all  program  management  was  budgeted. 


TASK  VII  - CONTRACT  DATA  ITEMS 

(U)  Under  this  task  adherence  to  Contract  Data  Items  was  tracked. 


SUNMARY  OF  CONCLUSIONS 

(U)  The  major  conclusion  of  ISADS  is  that  proper  application  of  the 
technologies  which  will  be  available  by  the  year  1995  can  offer  up  to  50-percent 
reductions  in  total  cost  and  weight  for  a given  strategic  mission  when  compared  to 
the  best  of  current  technology  designs.  Individual  savings  will  amount  to 
30-percent  reduction  due  to  advanced  structures,  25-percent  reduction  due  to 
advanced  propulsions,  and  40-percent  reduction  due  to  advanced  aerodynamics 
and  controls,  as  detailed  within  the  body  of  the  report. 

(U)  It.  was  further  shown  that  the  major  driver  in  determining  the  cost  and 
weight  of  a follow-on  strategic  penetrator  will  be  the  initial  assumptions  as 
to  mission,  payload,  avionics,  and  refueling.  While  perhaps  not  suprising, 
this  conclusion  reaffirms  the  importance  of  cost  considerations  in  the  earliest 
stages  of  system  development,  For  this  reason,  the  actual  mission  of  any 
follow-on  manned  penetrating  system  should  not  be  selected  simply  on  the  basis 
of  technological  feasibility  or  maximum  probability  of  survival,  but  by  detailed 
mission  trade  studies  addressing  cost,  risk,  effectiveness,  and  political/economic 
acceptability, 

QJ)  Follow-on  activities  are  recommended  in  several  areas.  Requirements  studies 
should  investigate  enemy  defense  environment  projects  and  evaluate  standoff 
versus  penetrating  systems.  Cost  studies  should  evaluate  the  cost  impact  of 
payload  versus  force  size,  mission  assumptions,  and  technology  assumptions, 
and  should  determine  as  the  bottom  line  what  combination  of  mission  and  tech- 
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nology  ground  rule  assumptions  yields  the  highest  target  value  kill  for  a 
given  cost.  Finally,  additional  concept  studies  should  further  refine  the  ISADS 
concepts,  plus  investigate  several  interesting  combinations  conceived,  but  not 
pursued,  during  the  ISADS  study.  These  include  a multirole  aircraft,  a laser 
gunship,  and  a surface  effect  aircraft.  (U) 
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Section  II 

TECHNOLOGY  IDENTIFICATION 


INTRODUCTION 

(U)  The  progress  of  manned  flight  since  its  inception  at  the  beginning  of 
this  century  is  attributable  to  advances  in  the  state-of-the-art  of  the 
individual  disciplines  as  they  developed  to  meet  the  increasing  challenges. 

The  demand  for  added  performance  capability  has  advanced  the  design  require- 
ments for  the  next  generation  of  vehicles,  thereby  stimulating  the  development 
of  new  technologies  within  the  disciplines.  Frequently,  there  are  interactive 
effects  wherein  technology  advances  in  one  area  permit  a technology  advance 
in  another  area  not  otherwise  possible.  The  application  of  flight  sciences 
has  evolved  to  the  level  where  advanced  computers  can  solve  complex  problems, 
leading  to  more  efficient  designs  not  previously  practicable.  In  its  various 
diversified  aerospace- related  divisions,  Rockwell  is  involved  in  the  develop- 
ment and  integration  of  advanced  technologies  in  the  areas  of  aerodynamics, 
propulsion,  materials,  structures,  and  stealth,  where  some  significant  advances 
are  indicated  by  the  1995  time  period.  However,  technology  projections  can 
only  be  made  based  on  currently  known  and  emerging  concepts  that  have  unrealized 
potential.  Additional  important -improvements  in  technology  will  be  provided 
by  the  unanticipated  advances  motivated  by  requirements  and  competition. 

(U)  Another  development,  although  not  a flight  technology,  will  greatly 
influence  the  progress  in  all  fields.  The  advent  of  new  generation  of  large- 
capacity,  high-speed,  low-cost  computers  will  enable  the  advancement  of  all 
flight  sciences.  Computational  tools  will  enable  the  designer  to  advance  his 
capabilities  in  an  efficient  manner  and  open  the  spectrum  to  additional 
applications. 

(U)  A combination  of  more  sophisticated  analytical  and  innovative  design 
approaches  has  contributed  to  significant  advances  in  the  application  and 
integration  of  materials  and  structures  technologies.  Projections  indicate 
continuing  improvements  in  lighter,  less  expensive,  and  aeroelastically 
responsive  structures. 

(U)  Technologies  evaluated  during  the  study  are  listed  in  Table  1.  Inspection 
of  this  list  indicates  that  some  technologies  are  currently  being  pursued  in 
new  airplane  design  evaluations,  while  others  will  require  well-defined  develop- 
ment programs  for  maturity  by  the  1995  time  period.  This  section  addresses 
the  usefulness  of  some  interesting  advanced  technology  concepts  applicable  to 
strategic  aircraft  approaches  required  for  this  study. 
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(U)  TABLE  1.  CANDIDATE  TECHNOLOGIES  (U) 


ftropuialon 

Aerodynamic* 

Variable -cycle  engine* 

Laminar  botndary  layer 

Nuclear  engine  cycle 

Boundary  layer  control 

Ctapreaaor  lepwveeiint 

Surface  coating* 

Combustor  improvement 

Advanced  supercritical  wing 

Turbine  inprovewnt 

Nonplanar  wing 

Fuel  improvement 

Advanced  variable  canter 

Jet  flaps 

Relaxed  static  stability 
Coplaner  wing 

Advanced  carpoaitea 

Blended  wing-body 
Ground  effect 

feta)  He  mterlalf 
fetal  matrix 

CortrflU 

Actlv.  controL/RSS 

Sl.JS&HKi 

Integrated  flight/fire/ 
propulsion  controls 

fclvanced  structural  node  control 

Muwuver  laid  central 

Aeroelaitic  tailoring 
fear-net  dif fuller  control 

Gust  alleviation 

Superpiaitlc  forming/di  ffua  ion  bonding 
Stealth 

Radar  croas*iectlon 
Infrared  ilgnature 
Noiae  signature 
Visual  ilgnature 
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AERODYNAMIC  CONCEPTS 

(U)  Aerodynamic  design  of  strategic  aircraft  to  perform  a high- low- low-high  type 
of  mission  presents  two  design  points  to  be  addressed.  The  requirements  for 
efficient  lift. generation  must  be  balanced  between  the  relatively  high  cruise 
and  the  low-penetration  design  lifts.  Current  technology  is  embodied  in  the 
B-l  variable  sweep  aircraft  design,  which  is  ideally  suited  to  minimize  takeoff 
distance  and  maximize  ride  qualities,  penetration  speeds,  and  cruise  efficiencies. 
This,  of  course,  is  not  achieved  without  penalty  in  weight  due  to  the  variable 
sweep  mechanism  and,  even  with  its  aft-swept  wing,  a structural  mode  control 
system  to  enhance  ride  qualities.  However,  in  the  1970-80  time  frame,  this 
manned  aircraft  system  represents  the  most  efficient  approach  to  satisfying  the 
high- low  aerodynamic  design  points.  Therefore,  from  this  demonstrated  base, 
several  emerging  aerodynamic  technologies  offer  promise  to  be  competitive  in 
producing  the  most  efficient  future  aircraft. 

(U)  Inspection  of  the  lift  requirements  (Figure  9)  for  a low-  and  high- 
altitude  cruise  at  a fixed  wing  loading  reflects  the  mismatch  of  the  wing 
design  points.  Clearly,  the  low-altitude  penetrator  will  be  optimized  at  a 
different  wing  size  and  geometry  than  the  higher  altitude  penetrator.  One 
approach  to  balancing  these  requirements  is  reflected  in  the  reduction  in 
lift  curve  slope  of  the  variable  swept  wing  (Figure  10).  Another  variable- 
geometry  approach  is  the  retractable  wing,  which  will  achieve  the  same  purpose 
with  an  additional  benefit  of  minimizing  wetted  area.  Included  in  this  approach 
could  be  variable  camber  aeroelastic  tailoring,  nonplanar  wings,  and  possibly, 
jet  flap  propulsive  lift  enhancement  to  establish  the  most  efficient  lifting 
system, 
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(U)  Figure  9.  Lift  required.  (U)  (U)  Figure  10.  Effect  of  wing  sweep.  (U) 


(U)  Aerodynamic  efficiency  is  the  guidepost.  The  selection  of  the  most 
promising  technologies  will  depend,  to  a great  extent,  on  the  mission  ground 
rules  and  penetration  speeds  desired.  However,  current  technology  indicates 
that  the  largest  share  of  the  airplane  resistance,  and  therefore  the  most 
fertile  area  for  improvement,  is  in  the  viscous  drag  portion  (Figure  11). 

Since  skin  friction  represents  60  percent  of  the  vehicle  resistance  in 
penetration,  the  laminar  flow  approaches  and  viscous  drag  reduction  coatings 
currently  being  developed  offer  much  promise.  The  laminar  flow  approach  of 
smooth,  short  chord  surfaces  will  blend  with  the  minimum  wetted  area  approach. 
The  primary  purpose  of  the  designs  will  be  to  increase  aerodynamic  efficiency 
(Figures  12  and  13). 
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(U)  Figure  12.  Cruise  altitude  (U ) Figure  13.  Sea-level 

lift-to-drag  ratios.  (U)  lift-to-drag  ratios. (U) 

(U)  Recent  advances  in  computational  aerodynamics  have  made  it  possible  to 
design  lifting  systems  that  produce  low  drag-due-to-lift  in  relation  to 
currently  accepted  boundaries.  The  induced  drag  is  a factor  in  the  high- 
altitude  cruise  portion  of  the  two  design  point  missions  (Figure  11).  To 
reduce  the  drag  levels  below  the  current  optimum  span  load  of  1/trAR  requires 
the  nonplanar  wing  design  or  the  jet  flap.  In  both  cases,  the  improvement  is 
limited  to  increase  in  the  effective  aspect  ratio.  The  jet  flap  has  the 
possibility  of  improvement  on  the  order  of  (yffi+OTv  and  the  nonplanar  wing 
approaches  on  the  order  of  15-percent  increase  in  effective  aspect  ratio.  While 
these  approaches  are  not  to  be  neglected,  they  do  not  compare  with  the  reduction 
potential  of  viscous  drag. 

(U)  Technology  advances  will  also  be  reflected  in  pressure  or  wave  drag. 

Current  blended  wing-body  or  body  shaping  technology  to  minimize  drag  rise  will 
be  extended  to  provide  lower  wave  drag  levels  such  that  low-altitude  M - 1,2 
to  M * 1.6  penetration  speeds  are  possible.  Future  computational  aerodynamics 
are  expected  to  permit  rapid  deteimi nation  of  the  desired  shapes  in  this  area, 

(U)  Further  advances  in  the  understanding  of  the  factors  influencing  more 
efficient  lift  production  will  also  be  reflected  in  the  boundary  layer  control 
technolog)'  and  the  jet  flap.  Improved  jet  flap  thrust  recovery  in  conjunction 
with  propulsive  lift  enhancement  accentuates  the  opportunity  for  airframe 
propulsion  integration,  which,  in  the  V/STOL  area,  has  already  produced 
significant  progress.  Considerable  progress  can  also  be  made  to  reduce  system 
drag  through  jet  exhaust  effects. 

(U)  Based  on  the  preceding,  some  of  the  current  technologies  that  are  known  to 
have  unrealized  potential  in  improving  aerodynamic  systems  are  discussed  in  the 
following  paragraphs, 
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ADVANCED  TRANSONIC  WING  DESIGN 

(U)  The  experimental  demonstration  of  a very  low  compressible  drag  rise  through 
low  supersonic  speeds  for  a swept  lifting  wing-body  configuration  has  been 
successfully  accomplished  by  Bridgewater  (Reference  1).  The  aspect-ratio  3.5 
wing  was  swept  55  degrees  and  employed  a 6-percent  streamwise  airfoil  section. 
The  twist  and  camber  was  defined  to  provide  a "flattop"  controlled  subcritical 
flow  with  moderate  upper  surface  adverse  pressure  gradients  for  a mach  1.2, 

Cf  - 0,15  condition.  The  success  of  this  design  approach  indicates  avoidance 
of  conqpressible  pressure  drag  due  to  the  formation  of  shockwaves  and  shock- 
induced  boundary  layer  separation. 

(U)  The  logical  extension  of  this  wing  flow  philosophy  to  higher  free-stream 
mach  numbers  without  recourse  to  increased  wing  sweep  or  thinner  airfoil 
sections  is  based  on  the  development  and  exploitation  of  controlled  (shockless 
or  weak  shock)  supercritical  flow  airfoils.  The  three-dimensional  (3-D)  upper 
urface  wing  target  pressure  distributions  are  still  flattop  but  now  would  admit 
a local  peak  mach  number  of  1.2  or  greater,  followed  by  an  isentropic  or  weak 
shock  rccompression. 

(U)  The  supercritical  design  implementation  requires  the  iterative  use  of  a 
3-D  transonic  relaxation  solution  to  the  small -disturbance  theory  or  the  full- 
potential  equation  of  motion,  as  opposed  to  the  linearized  design  philosophy 
widely  used  for  subcritical  flows.  Close  attention  must  be  given  to  viscous 
effects  if  required  for  the  mixed  flow  design  as  a result  of  the  use  of  stronger 
pressure  gradients.  This  can  be  accounted  for  by  con-acting  the  inviscid 
design  wing  contours  for  the  effects  of  displacement  thickness  by  undercutting. 

(U)  An  alternate  approach  for  moderate  supersonic  speeds  is  the  application 
of  a yawed  wing  swept  behind  the  mach  line  to  minimize  the  compressible  drag 
rise.  Either  subcritical  or  mix  flow  wing  flow  technology  may  be  employed 
and  traded  against  wing  thickness  and  sweep  in  the  same  sense  as  for  a 
conventional  wing.  The  use  of  the  yawed  wing  has  the  further  aerodynamic 
advantages  of  providing  a low-sweep,  high-aspect-ratio  planform  for  takeoff 
and  landing  operations. 


NONPLANAR  WINGS 

(U)  The  addition  of  winglets  or  other  nonplanar  devices  has  the  potential  to 
increase  airplane  lift  curve  slope,  reduce  induced  drag,  provide  directional 
stability,  and  increase  aerodynamic  efficiency  at  the  design  condition.  The 
aerodynamics  of  this  effect  are  associated  with  the  span  loading  of  the  wing, 
For  the  classic  monoplane,  the  minimum  induced  drag  is  provided  by  a constant 
downwash  across  the  span;  this  is  given  by  an  elliptical  distribution  of  load. 
However,  for  nonplanar  lifting  configurations,  the  minimum  induced  drag  is 
found  to  be  associated  with  the  vortex  wake  in  the  Trefftz  plane  on  the  wing. 
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In  these  cases,  where  a winglet,  vortex  diffuser,  or  end  plate  compose  a 
nonplanar  lifting  configuration,  the  wing  efficiencies  are  increased  above  the 
classical  span  loading  solution.  To  achieve  the  potential  Increase  in 
efficiency,  the  aircraft  wing  and  winglet  must  be  designed  to  carry  the  loading 
for  minimum  induced  drag  of  a nonplanar  lifting  surface.  (U) 

(U)  According  to  the  theory  of  vortex  drag  optimization  by  optimising  twist 
and  camber  on  the  wing  and  winglet  surfaces,  span  load  distribution  can  be 
produced  that  will  optimize  vortex  drag,  provided  other  aerodynamic  requirements 
are  met.  The  theory  provides  the  optimum  span  load  for  minimum  vortex  drag  for 
wings  which  are  nonplanar  in  the  lateral  direction  and  states  that  the  vortex 
drag  is  a minimum  when  the  trailing  vortices  produce  a constant  downwash  in  the 
Trefftz  plane  to  solve  for  the  spanwise  distribution  of  lift  or  vortex  strength. 
The  vortex  distribution  which  produces  a constant  downwash  in  the  Trefftz  plane 
is  determined  by  solving  for  the  spanwise  distribution  of  vorticity  along  a 
lifting  line  of  the  same  shape  as  the  wing  trailing  edge,  necessary  to  stop  the 
flow,  due  to  a constant  upwash,  from  passing  perpendicular  to  the  lifting  line. 

(10  Improvement  in  theoretical  drag-due-to-lift  for  a simple  nonplanar  wing 
end  plate  is  shown  in  Figure  14.  However,  even  though  this  technology  Is 
known,  the  full  potential  has  never  been  achieved.  Future  applications  in 
conjunction  with  advanced  computers  will  increase  the  effectiveness  of  such 
surfaces.  In  this  manner,  the  improvements  in  drag-due- to- lift  will  be 
reflected  by  increased  effective  wing  aspect  ratio. 


(U)  Figure  14.  Theoretical  nonplanar  wing  efficiency  factors. (U) 
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VARIABLE  CAMBER 

£U)  The  variable  camber  wing  concept  employs  leading  and  trailing  edge  geometry 
changes  so  that  the  wing  camber  can  be  varied  for  efficient  operation  over  a 
wide  variety  of  operations.  The  variable  camber  wing  not  only  enables  achieve- 
ment of  varying  design  lift  coefficient,  but  also  varying  stability  by  planform 
extensions. 

(U)  There  are  to  the  present  time  basically  two  types  of  variable  camber  wing. 
In  one  type,  leading  and  trailing  edges  simply  deflect;  in  the  other  type, 
leading  and  trailing  edges  extend  and  deflect,  thus  providing  an  increase  in 
wing  area  concurrently  with  variable  camber.  The  result  for  both  concepts  is 
a higher  usable  C.max  over  a broad  mach  number  range  by  preventing  shocks  and 
flow  separation  on  the  wing.  Application  of  these  devices  can  greatly  improve 
loiter  capability  by  reducing  or  eliminating  flow  separation  at  high  angles  of 
attack,  thereby  improving  lift/drag  (L/D)  and  reducing  fuel  flow  required  to 
maintain  minimum- level  flight  speed. 

(U)  To  develop  high-lift  coefficients  at  altitude  and  speeds  where  compressible 
effects  are  significant,  the  airfoil  section  will  be  designed  to  maintain  super- 
critical flow  on  the  upper  surface  without  producing  shock- induced  separation, 
The  wing  must  be  designed  to  produce  high-lift  coefficients  and  buffet 
boundaries  while  maintaining  low  viscous  and  potential  pressure  drag. 

(U)  At  the  present  time,  on  a conventional  wing  the  variable  camber  is  achieved 
by  a mechanical  system,  and  the  wing  twist  by  a combination  of  mechanical  and 
aeroelastic  tailoring  techniques.  However,  in  the  future  if  a wing  can  be  made 
of  composite  material,  thereby  eliminating  the  conventional  wing  box,  both  the 
wing  twist  and  camber  can  be  controlled  by  the  aeroelastic  tailoring  technique 
or  by  an  internal  actuation  system  that  forces  the  structure  to  deform  to  the 
desired  shape  without  hinge  line  discontinuities.  Systems  of  this  type  will 
permit  maximum  use  of  variable  camber  and  provide  an  alternative  to  variable 
sweep, 


LAMINAR  FLOW 

(U)  One  of  the  greatest  potential  aerodynamic  advancements  which  could  produce 
significant  performance  benefit  is  the  reduction  of  turbulent  skin  friction 
drag  through  elimination  of  roughness  or  delayed  transition,  or  through  use 
of  active  boundary  layer  control  to  maintain  laminar  flow.  Experimental  measure- 
ments Indicate  drag  levels  in  excess  of  the  flat-plate  values  shown  as  a result 
of  form  drag  losses.  This  effect  will  be  accentuated  by  future  design  trends 
employing  thick  wing  sections  with  controlled  supercritical  flows  and/or  a 
relatively  strong  design  rate  of  flow  recompression, 
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(U)  The  use  of  favorable  pressure  gradients  in  combination  with  plastic 
coatings  appears  to  be  a promising  approach  for  reducing  skin  friction  drag  by 
delaying  transition  at  moderate  Reynolds  numbers  (figure  22,  ref.  22).  The 
realization  of  such  benefits  on  lifting  wings  must  carefully  consider  the 
effect  of  boundary  layer  crossflow  instability  due  to  sweep  and  fuselage 
interference  at  the  leading  edge.  At  large  Reynolds  numbers,  the  benefit 
would  primarily  result  from  elimination  of  surface  roughness  on  the  first 
two-thirds  of  the  wing  and  fuselage  surface. 

(U)  As  assessment  of  the  potential  for  active  boundary  layer  control  through 
blowing  and  suction  is  more  complex  as  a result  of  the  energy  requirements  and 
the  impact  of  the  associated  ducting  on  the  aircraft  structural  weight.  The 
ability  to  develop  and  maintain  laminar  flow  on  swept  wings  in  flight  at  high 
Reynolds  number  using  distributed  suction  was  successfully  demonstrated  over 
10  years  ago  by  the  X-21A  program  (ref.  23).  However,  an  overall  aircraft 
performance  improvement  incorporating  such  an  approach  has  not  been  demon- 
strated to  date. 

\ . 

(U)  The  potential  benefit  from  unform  suction  on  a flat  plate  is  a function  . 
of  the  volume  coefficient  of  suction  Cq  ■ Uo/U  . The  condition  Cq  ■ 1.2  x lo’4 
corresponds  to  the  requirement  to  just  maintain  wholly  laminar  flow.  The 
relative  saving  in  drag  for  this  "optimum"  suction  is  presented  in  Figure  IS 
and  indicates  reductions  of  65  to  8S  percent  of  turbulent  flat -plate  values. 


(U)  Figure  IS.  Skin  friction  parameters.  (U) 


JET  FLAPS 

(U)  The  jet  flap  consists  of  the  discharge  of  a high-velocity  jet  in  the  form 
of  a thin  full-span  jet  sheet  from  the  wing  trailing  edge  at  an  angle  to  the 
undisturbed  stream.  The  resultant  lift  on  the  wing  is  considerably  greater 
than  the  component  of  the  reaction  of  the  inclined  jet,  for  the  j-t  at  the 
same  time  induces  a circulation  about  the  wing.  Although  not  pr  w ily  a form 
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of  boundary  layer  control,  the  effect  of  the  jet  velocity  does  reduce  the 
tendency  to  separate  at  high  off-design  lift  coefficients  and  has  been  shown 
to  minimize  adverse  pressure  gradients,  transonically  delaying  drag  rise  and 
improving  drag-due-to-lift.  Additionally,  the  gross  thrust  available  is  not 
seriously  affected  by  moderate  deflections  of  the  jet.  This  phenomenon  is 
called  thrust  recovery  and  has  been  demonstrated  by  experiment.  Current 
technology  is  demonstrating  initial  applications  of  these  concepts,  and 
structural  technology  advancements  are  expected  to  provide  greater  jet  flap 
enefits  by  the  1995  time  period. (Uj 


WING  BOUNDARY  LAYER  CONTROL 

CU)  In  the  design  of  lifting  systems,  the  effect  of  viscosity  is  almost  wholly 
adverse.  Viscosity  is  responsible  for  friction  drag  and  reductions  in  lift  and 
often  causes  unsteadiness  in  the  flow,  The  practical  objectives  of  boundary 
layer  control  (BLC)  are  the  reduction  of  di&g  and  the  suppression  of  large 
wakes,  the  increase  in  lift,  and  the  improvement  of  stalling  characteristics 
in  general.  These  objectives  are  gained  when  the  energy  lost  through  viscos- 
ity is  either  minimized  or  recovered  in  an  efficient  manner.  Thus,  BLC 
technology  is  directed  to  prevent  the  separation  of  the  boundary  layer  and  to 
replace  a turbulent  boundary  layer  by  a laminar  one,  or  at  least  delay  transi- 
tion to  a point  as  far  downstream  as  possible. 

(U)  One  type  of  boundary  layer  control  is  designed  to  minimize  viscous  drag. 
Transition  to  turbulent  flow  depends  mainly  on  the  roughness  of  the  surface  and 
the  pressure  gradients  on  it.  Separation  depends  almost  wholly  on  the  pressure 
gradients,  Therefore,  the  manufacture  of  very  smooth  unwrinkled  surfaces  and 
the  surface  shape  is  significant  in  the  application  of  boundary  layer  control. 
The  important  feature  of  this  type  of  control  is  that  it  does  not  involve  the 
expenditure  of  additional  power, 

(U)  Another  boundary  layer  control  approach  involves  the  addition  of  energy  to 
the  boundary  layer,  thus  delaying  separation  by  the  artificial  transfer  of 
energy.  When  auxiliary  power  is  applied ‘in  boundary  layer  control,  many 
opportunities  arise.  The  low-energy  air  removal  by  suction  or  the  injection  of 
air  to  energize  the  boundary  layer  has  been  explored  in  detail.  The  objective 
is  to  increase  efficiency  by  expending  less  power  for  boundary  layer  control 
than  the  equivalent  thrust  reduction  achieved  and  weight  penalty  through  its 
application.  The  combination  of  using  advanced  structural  concepts,  such  as 
SPF/DB  titanium  or  SPF  aluminum,  along  with  integral  BLC  slots  and  plenum 
chambers  may  show  a BLC  payoff  of  10-151  TOGW  reduction  for  either  the  high- 
altitude  cruise  application  or  the  surface  effect  vehicle  concept. 
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(U)  An  increased  aerodynamic  efficiency  can  be  measured  when  lifting  surfaces 
are  operated  within  one  wingspan  of  the  surface  of  the  earth,  this  improved 
efficiency  increases  with  decreasing  height,  Because  of  the  obvious  influence 
of  ground  proximity  during  the  takeoff  and  landing  phases,  it  has  been  the 
subject  of  considerable  investigation,  but  an  adequate  amount  of  reliable 
ground  effects  data  does  not  appear  in  the  literature,  Both  theoretical  and 
experimental  investigations  indicate  that  ground  proximity  produces  an  increase 
in  the  lift-curve  slope,  a decrease  in  drag,  and  a reduction  of  noseup  pitching 
moment  jot  most  aircraft  planforms.  The  theoretical  approaches  analyzing  ground 
effects  employ  an  image- vortex  theory  to  represent  the  ground  plane.  Away 
from  the  ground  plane,  the  downwash  of  the  two  trailing  vortices  contributes 
to  the  wing  drag-due- to- lift  by  rotating  the  force  vector  rearward.  However, 
near  the  ground  plane,  the  trailing  vortices  of  the  image  vortex  system  have 
an  upwash  component  which  reduces  the  downward  rotation  of  the  flow  direction 
caused  by  the  wing  trailing  vortices,  thus  decreasing  the  wing  drag-due- to- lift. 

(U)  The  influence  of  the  ground  proximity  is  beneficial  at  low  speed,  and 
there  is  some  evidence  that  end  plates  on  wings  further  enhance  these  favorable 
effects.  The  velocity  range  potential  of  this  characteristics  is  not  known. 


AEROELASTIC  TAILORING 

(U)  Wing  design  using  advanced  composite  structural  material  and  employing 
unbalanced  advanced  composite  ply  layups  to  provide  coupling  between  bending 
and  torsional  deflections  is  suited  for  aeroelastic  tailoring  to  control  wing 
twist  and  camber  distributions.  Through  proper  design,  this  combined  structural- 
material-dynamics  technology  can  result  in  significant  aerodynamic  improvement 
through  control  of  wing  twist  and  camber  during  flight.  This  design 
technique  will  also  improve  the  control  effectiveness  of  the  wing  trailing 
edge  devices  and  fuselage  bending, 

(U)  The  principle  involved  in  the  structural  twist  control  or  the  aeroelastic 
tailoring  is  that  the  wing  can  be  made  to  deform  under  load  such  that  the 
proper  twist  and  camber  are  obtained  at  each  spanwise  station.  Optimum  wing 
twist  and  camber  result  in  increased  lift  and  lower  drag  at  the  design  points, 
thereby  altering  the  drag  polar  shape  and  improving  the  drag  of  the  entire 
vehicle  throughout  the  flight  envelope.  Improved  air  vehicle  performance 
results  in  a reduced  engine  size,  which,  in  turn,  decreases  the  structural 
weight,  These  combined  increments  in  system  effectiveness,  which  were  directly 
derived  from  judicious  tailoring,  will  be  translated  into  a significant  cost- 
effective  improvement  of  the  weapon  system. 
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(U)  The  optimally  tailored  design  using  1995  technology  of  the  composite 
critical  component,  by  comparison  to  the  less  efficient  quasi isotropic 
laminations,  will  ultimately  afford  an  additional  stiffness  and  rigidity 
improvement  for  a lighter  weight,  equal-strength  composite  structure  that 
satisfies  the  aerodynamic  requirements.  With  aeroelastic  tailoring,  the 
designer  has  more  latitude  to  insure  that  aerodynamic  requirements  can  be 
achieved  within  stringent  weight  and  cost  constraints, 

(U)  The  projected  availability  dates  of  these  aerodynamic  technologies  are 
summarized  as  Figure  16. 
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(U)  Figure  16.  Aerodynamic  technology  projections. (U) 


PHpPULSION  TECHNOLOGY  ASSESSMENT 

(U)  Propulsion  technology  candidates  were  divided  into  five  categories;  i.e., 
inlets,  engines,  nozzles,  controls,  and  fuels, 


INLETS 

(U)  The  assessment  of  inlet  concepts  and  technology  candidates  is  summarized 
in  Table  2.  Only  modest  improvements  in  inlet  total  pressure  recovery  are 
anticipated  by  1995,  Major  improvements  will  be  in  the  areas  of  reduced  weight 
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and  drag,  inlet/engine  control  integration,  and  reduced  radar  visibility.  For 
design  speeds  of  mach  1.6  or  less,  normal  shock  inlets  and  fixed  two-dimensional 
(2-D)  and  semicone  inlets  provide  pressure  recovery  as  good  or  better  than  more 
complex  variable  inlets  (usually  used  for  higher  design  speeds)  and  are  also 
lighter.  Because  the  normal  shock  inlet  is  lightest,  it  was  used  for  all 
aircraft  concepts  in  this  study.  (U) 

(U)  TABLE  2.  ISADS  TECHNOLOGY  ASSESSMENT  - INLETS  (U) 
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(U)  Variable  capture  area  and  variable  incidence  inlets,  such  as  are  used  on 
the  F-15,  provide  better  inlet/engino  matching  over  wide  variations  in  the 
flight  regime  than  do  fixed  inlets,  plus  reduced  drag  and  favorable  pitching 
moments.  This  type  of  inlet  was  considered  for  the  minimum  penetration  time 
design,  but  it  was  not  used  because  of  complexity,  weight,  and  little  perform- 
ance advantage  at  mach  1,2, 

(U)  Location  and  inlet  type  can  have  significant  impact  on  the  radar  cross 
section  (RCS)  of  the  aircraft,  Thus,  overwing  locations  were  considered  for 
lower  hemisphere  stealth  designs.  This  location  has  an  advantage  relative  to 
underwing  inlets,  in  that  the  wing  shields  the  inlet  from  low-level  (ground- 
based)  radar,  A Rockwell  RCS  1/4-scale  model  test  of  an  ATS  configuration 
showed  that  the  overwing  inlet  is  virtually  invisible  to  lower  level  receivers 
(Reference  2),  Additional  benefits  of  overwing  inlets  include  shielding  from 
debris  from  the  runway  and  more  flexibility  in  attaching  external  stores,  The 
primary  disadvantages  of  overwing  inlets  are  that  (1)  the  inlet  operates  in  an 
expansion  flow  field  and  thus  requires  a larger  capture  area,  and  (2)  the  local 
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flow  field  may  become  highly  distorted  during  maneuver,  possibly  causing  engine 
stalls.  Proper  design  can  minimize  these  problems.  (U) 

(U)  Addition  of  radar- absorbent  material  (RAM)  to  inlet  internal  surfaces 
reduces  RCS  with  little  or  no  weight  and  inlet  performance  penalties.  Therefore, 
it  was  included  in  the  stealth  airplane.  Eliminating  direct  line-of-sight  to 
the  engine  face  also  reduces  radar  signature.  One  method  of  doing  this  is  to 
use  an  offset  inlet  duct.  This  method,  when  combined  with  the  use  of  RAM, 
provides  highly  effective  means  of  reducing  radar  signature  from  the  front  of 
the  aircraft.  However,  there  is  a modest  loss  in  performance  because  the  inlet 
pressure  recovery  is  lower  due  to  the  turning. 

(U)  other  engine  line-of-sight  RCS  suppression  methods  include  the  addition  of 
vanes  with  RAM  in  the  inlet  and  use  of  a "bulb"  engine  hub  with  RAM  for  a 
complete  line-of-sight  blockage.  Use  of  vanes  to  block  line-of-sight  to  the 
engine  causes  an  inlet  pressure  loss  and  presents  a severe  anti-icing  problem. 

The  bulb  engine  hub  will  cause  a modest  inlet  pressure  loss  (estimated  to  be 
less  than  1 percent)  and  will  increase  drag  because  the  nacelle  cross-sectional 
area  is  increased.  The  bulb  can  be  easily  anti-iced  with  engine  bleed  air. 

Figure  17  illustrates  these  devices. 


(U)  Figure  17.  Inlet  RCS  suppression  methods-.  (U) 
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(U)  Another  source  of  radar  signature  is  the  inlet  boundary  layer  diverter. 

The  conventional  boundary  layer  diverter  may  be  replaced  by  a suction  boundary 
layer  control  (BLC)  system.  The  forebody  boundary  layer  is  bled  through  a 
perforated  area  forward  of  the  ramp,  into  a plenum  chamber,  and  exhausted 
through  triangular  exits  on  the  side  of  the  inlet.  The  suction  surface  has 
a high-porosity  strip  immediately  forward  of  the  ramp  to  prevent  boundary  layer/ 


UNCLASSIFIED 

23 


UNCLASSIFIED 


shock  interaction.  The  bleed  airflow  is  controlled  by  triangular  ramp  doors 
which  have  the  BLC  bleed  exit  area  on  the  sides  of  the  inlet  cowl.  Rockwell 
has  been  investigating  this  concept  in  recent  IR$D  ATS  studies.  Estimated 
drags  for  the  BLC  system  are  equal  to  or  less  than  the  conventional  boundary 
layer  diverter.  Figure  18  illustrates  an  upper  inlet  with  this  type  of  bleed 
system.  (U) 


h)0n 


(U)  Figure  18.  Forebody  boundary  layer  bleed.  (U) 

(U)  One  drag- reduct ion  technique  which  NASA  plans  to  study  is  boundary  layer 
ingestion;  that  is,  a propulsion  system  which  uses  fuselage  and/or  wing  boundary 
layer  air  as  its  primary  source  of  air.  The  advantages  of  this  type  of  system 
are  that  (1)  part  of  the  ram  drag  of  the  propulsion  air  is  accounted  for  in  the 
aerodynamic  drag,  and  (2)  base  drag  is  reduced  by  not  discharging  low-energy 
boundary  layer  air.  However,  this  system  requires  more  complex  ducting  with 
associated  pressure  losses.  Previous  studies  have  shown  reduction  in  fuel 
consumption  of  from  5 to  10  percent,  depending  on  the  complexity  of  the  system. 


ENGINES 

(U)  Advances  in  engine  component  technology  and  engine  cycles  will  improve 
propulsion  system  performance  and  weight  (Figure  19) . Engine  technology 
assessment  is  summarized  in  Table  3,  The  following  is  a discussion  of 
engine  component  performance  levels  and  engine  cycles  which  may  be  considered 
for  the  1995  time  period. 
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(U)  Figure  19.  Engine  technology  trends.  (U) 

(U)  TABLE  3.  ISADS  TECHNOLOGY  ASSESSMENT  - ENGINES,  NOZZLES,  AND  CONTROLS  (U) 
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Component  Performance  Levels 
Compressors 

(U)  The  major  technology  txnds  for  fans  and  compressors  are: 

1.  Higher  loading  at  current  or  slightly  increased  efficiency  (refer  to 
Table  4 and  see  Figure  20) 

2.  Clearance  control 

3.  Variable  geometry 

(U)  The  result  of  higher  loading  is  to  reduce  the  number  of  compression  stages 
required,  and  minimize  weight  and  cost. 


(U)  TABLE  4.  COMPRESSION  EFFICIENCIES  (U) 


Typical  Efficiencies  (%) 

Peak 

100%  Speed 

Fan 

89 

86 

Compressor 

88 

87 
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(U)  Figure  20.  Compression  stages.  (U) 


(U)  Advanced  three-dimensional  (3-D)  analysis  methods  and  experimental 
techniques  will  play  a major  part  in  realizing  the  higher  loadings  at  current 
or  increased  levels  of  efficiency.  At  the  higher  loading,  more  attention  must 
be  given  to  secondary  flows,  as  well  as  end  wall  and  boundary  layer  losses 
which  can  only  be  understood  and  characterized  by  fully  3-D  analysis  techniques. 
The  fully  3-D  analysis  techniques  are  beginning  to  be  used  in  the  design  of 
turbines,  and  will  be  extended  to  use  in  conpressors. 
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(U)  The  advanced  3-D  analysis  methods  need  to  be  supported  by  advanced  experi- 
mental techniques.  Currently,  the  acquisition  of  experimental  data  is  limited 
by  the  size  and  frequency  response  of  the  instrumentation.  The  laser  doppler 
velocimeter  (LDV)  is  one  new  method  of  instrumentation  that  promises  to  solve 
the  problem  without  interference  with  the  airflow.  Velocity  measurements  can 
be  made  at  virtually  all  locations  of  interest  except  in  close  proximity  to 
walls,  blades,  etc.  Further  improvement  of  the  techniques  is  required  to 
reduce  this  limitation.  The  availability  of  measurements  such  as  provided  by 
the  LDV  is  vital  to  correlate  experimental  results  with  the  3-D  analysis 
methods . 

(U)  Variable  cycle  engines  offer  important  benefits  to  strategic  aircraft, 
particularly  when  the  missions  consist  of  a combination  of  supersonic  and 
subsonic  elements.  Compressor  and  fan  variable  geometry  is  required  to  imple- 
ment many  variable  cycle  concepts.  This  variable  geometry  must  not  only  provide 
increased  surge  margin  as  it  is  presently  used  but  also  provide  the  capability 
to  alter  the  flow/pressure  ratio/speed  characteristic  over  a wide  operating 
range. 

(U)  Another  potential  area  of  improvement  is  the  use  of  centrifugal  compressors 
as  the  final  compressor  stage  of  high  pressure  ratio  cycles.  Air  Force  and 
industry  studies  have  shown  that  centrifugal  compressors  can  offer  advantages 
in  reliability,  maintainability,  and  cost  at  comparable  performance  when 
compared  to  all-axial  compressors. 

(U)  The  trend  towards  higher  loading  can  result  in  higher  compressor  and  fan 
tip  speeds.  Materials  with  properties  adequate  for  these  higher  tip  speeds 
need  to  be  developed.  Metal  (boron  aluminum  and  boron  titanium)  and  organic 
matrix  composites  -ire  candidate?^ for  high-speed  [ 1,600  feet  per  second)  fans 
but  development  work  on  their  erosion  and  impact  resistance  is  required. 
Composites  may  solve  the  tip  speed  problems  in  fan  and  low-pressure  compressor 
stages  but  are  limited  in  temperature  capability.  New  high-strength  titanium 
alloys  can  solve  the  temperature  problem  in  later  compressor  stages  but  are 
limited  in  tip  speed,  and  have  experienced  titanium  fires.  The  solution  may 
lie  in  a combination  such  as  titanium  aluminumide  blades  and  a high-strength 
titanium  alloy  disk. 

(U)  Clearance  control  is  an  important  area  for  all  rotating  components.  The 
effect  of  running  clearances  becomes  larger  as  higher  pressure  ratios  and 
higher  turbine  temperatures  reduce  the  size  of  the  components.  Three  possible 
areas  of  improvement  in  clearance  control  are: 

1.  Active  (variable  cooling  air) 

2.  Passive  (abradables,  hard  blade  tips) 

3.  Aerodynamic 
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(U)  The  aerodynamic  control  of  tip  clearance  losses  is  an  area  where  signifi- 
cant benefits  could  be  achieved  using  the  3-D  advanced  analysis  methods  through 
control  of  blade  tip  loadings  and  use  of  slotted  or  groved  shrouds. 


Combustors 

(U)  The  main  areas  of  combustor  technology  advancement  will  be: 

1.  Higher  combustor  temperatures 

2.  Advanced  materials/cooling  schemes 

3.  Lower  pattern  factors 

4.  Reduced  surface  area 

(U)  In  the  1990  to  2000  time  period,  combustor  outlet  temperatures  will 
approach  3,200°  F.  These  increased  temperatures  will  decrease  the  cooling  air 
available  to  cool  the  combustor  liner  and  advancements  in  material  properties, 
and  the  use  of  thermal  barrier  coatings  will  be  required.  Better  cooling 
schemes  will  also  be  required  to  effectively  use  this  available  cooling  air. 

(U)  Higher  cycle  temperatures  will  increase  the  amount  of  turbine  vane  cooling 
air  required.  As  turbine  vane  cooling  air  is  increased,  it  reduces  the  air 
available  for  cooling  the  combustor,  and  its  discharge  from  the  vane  tends  to 
decrease  turbine  efficiency.  Reducing  the  combustor  pattern  factor  decreases 
the  maximum  hot-spot  gas  temperature,  and  results  in  lower  required  cooling 
flows.  Better  understanding  of  the  combustion  process  (mixing,  turbulence, 
effect  of  geometry,  fuel-nozzle  location)  will  be  required  to  decrease  pattern 
factor,  and  can  allow  combustors  to  become  smaller.  Smaller  combustors  have 
beneficial  effects  on  engine  length  and  weight,  and  reduce  cooling  requirements 
because  of  the  lower  surface  area. 


Turbines 

(U)  The  use  of  ceramics,  particularly  in  engines  for  unmanned  aircraft,  will 
be  demonstrated  in  the  early  1980’s  (Figure  21).  The  extension  of  ceramics  to 
manned  engines  is  considered  feasible  for  the  time  frame  considered  in  this 
study.  Turbine  inlet  temperatures  for  uncooled  ceramics  will  be  limited  to 
approximately  2,400°  F in  the  1990's.  However,  cooled  ceramic  blades  and 
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vane3  as  well  as  supporting  structures  may  allow  operation  of  turbines  in  gas 
temperatures  of  3,200°  F with  less  cooling  flow  than  currently  used  with  much 
lower  gas  temperatures,  (U) 


UNCLASSIFIED 

(U)  Figure  21.  Ceramic  turbine  blade.  (U) 


(U)  Recent  test  results  of  the  Air  Force  AFAPL  low- aspect -ratio  turbine 
(LART)  program,  being  conducted  by  AiResearch,  have  established  the  future 
efficiency  levels  of  high-work  gas  generator  turbines  for  the  1980’s  (Figure 
22).  Tested  efficiency  of  over  92  percent  has  established  an  industry  level 
of  aerodynamic  efficiency  for  single-stage  high-pressure  turbines,  The 
significant  improvements  achieved  are  attributed  to  the  reduction  of  stator 
end  wall  losses  by: 

1.  Optimizing  the  radial  work  distribution 

2.  Using  3-D  viscous  analytical  techniques  developed  by  AiResearch  to 
select  optimized  end  wall  contours  as  well  as  stator  lean  and  stack 

(U)  Another  highly  promising  turbine  technology  area  is  the  development  of 
photoetched  laminated  turbine  vanes  and  blades  (Figure  23).  Individual 
laminations  are  first  photoetched  from  sheet  metal.  These  are  assembled, 
diffusion  bonded,  and  triiimed  to  make  individual  cooled  vanes.  The  advantage 
of  the  laminated  construction  is  lower  cost  and  the  potential  for  highly  effec- 
tive cooling. 
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(U)  Maximum  turbine  cooling  flow  temperatures  are  currently  around  1,100*  F 
for  supersonic  cruise  conditions;  projected  1985  temperatures  are  1,200°  F.  A 
further  increase  to  about  1,300°  F may  be  expected  for  1995, 


Augmenters 

CU)  Current  technology  augmenters  have  peak  efficiencies  of  96  to  97  percent 
and  efficiencies  near  maximum  augmentation  (fuel-air  ratios  greater  than  0.06) 
of  less  than  90  percent.  Current  augmenters  tend  to  be  nearly  4 feet  long  to 
achieve  these  efficiency  levels.  Swirl-can  burners  have  recently  been  studied 
and  tested  which  result  in  significantly  higher  efficiencies  in  shorter  burner 
lengths  (Reference  3),  For  example,  peak  combustion  efficiencies  of  near  100 
percent  and  efficiencies  at  high  fuel-air  ratios  of  94  to  98  percent  can  be 
achieved  in  augmenters  less  than  2 feet  long.  The  reduced  length  results  In 
lighter  weight  and  less  required  cooling  flow  (and,  thus,  higher  maximum 
augmentation  temperature  and  thrust). 


Engines  Cycles 

(U)  Engine  cycles  which  were  assessed  include  turbofans,  variable-cycle 
engines,  Rockwell's  Multiple  Mode  Integrated  Propulsion  System  (NMIPS) , turbo- 
props, regenerative  and  intercooled  cycles,  constant-volume  combustion  cycle, 
compound  cycle,  and  rocket- ass Is ted  takeoff  (RATO). 


Turbofans 

(U)  Conventional  mixed-flow  turbofan  engines  provide  low  fuel  consumption 
for  subsonic  cruise  and  low  exhaust  gas  temperatures  for  low  IR  signature,  A 
current  engine  may  provide  reduced  cost  by  eliminating  development  cost. 

(U)  Current  technology  bomber  engines  have  thrust-to-weight  ratios  of  from 
7 to  8,  Military  engines  currently  being  studied  with  technology  availability 
dates  in  the  early  1980' s have  thrust-to-weight  ratios  approaching  11  for 
conventional  cycles,  This  advance,  relative  to  current  engines,  is  being 
achieved  through  improved  materials,  higher  specific  thrust,  higher  stage 
loadings  (fewer  stages),  and  shorter  augmenters.  Continued  improvement  in 
materials  through  the  late  1990' s will  improve  thrust-to-weight  ratio  still 
further.  Improved  turbine  materials  and  improved  component  performance  levels 
will  also  increase  specific  thrust.  Thus,  thrust-to-weight  ratios  may  be 
expected  to  be  greater  than  12  in  the  late  1990's,  Variable -cycle  engines 
and  engines  designed  for  high-speed,  low-level  flight  would  be  expected  to 
have  somewhat  lower  thrust-to-weight  ratios,  depending  on  the  particular 
design. 
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Variable-Cycle  Engines  (VCE) 


(U)  Variable-geometry  turbine  turbojets  are  currently  being  studied  for 
application  to  ATS  in  the  1985  time  period  (Figure  24) . Studies  at  Rockwell 
indicate  that  this  cycle  is  very  competitive  in  total  system  cost  and  perform- 
ance with  low  bypass  ratio,  fixed-cycle  turbofans,  and  variable-cycle  turbofans 
in  the  ATF,  However,  for  subsonic -only  aircraft,  turbofans  will  provide  lower 


(U)  Figure  24.  Variable  cycle  engine.  (U) 

(U)  One  example  of  the  advanced  engines  being  studied  at  AiResearch  and  which 
could  have  application  in  this  study  is  a unique  VCE  concept.  It  takes 
advantage  of  a characteristic  of  the  centrifugal  compressor,  which  allows  com- 
pressor flow  to  be  modulated  without  decreasing  pressure  ratio.  Variable- 
geometry  components  include  the  variable-diffuser  centrifugal  compressor, 
variable-nozzle  high-  and  low-pressure  turbines,  and  the  variable  exhaust 
nozzle.  Use  of  this  engine  in  a high-performance  fighter  resulted  in  an  8- 
percent  decrease  in  takeoff  gross  weight  and  a 22-percent  decrease  in  fuel 
required  when  compared  to  conventional,  advanced  technology  augmented 
turbofan. 

(U)  VCE's  such  as  the  General  Electric  variable  area  bypass  injector  (VABI) 
and  the  Pratt  8 Whitney  Aircraft  variable  stream  control  engine  (VSCE)  have 
been  considered  for  ATS  and  AST.  Both  cycles  provide  reduced  3FC  for 
multimission  aircraft  by  maintaining  airflow  at  the  intermediate  power  level 
down  to  approximately  50  percent  of  intermediate  net  thrust.  This  also  reduces 
inlet  spillage  and  nozzle/afterbody  drags.  The  VSCE  has  bypass  and  turbine 
streams  separated,  and  thus  will  have  high  IR  signature;  also,  it  cannot  be 
easily  adapted  to  a 2-D  nozzle. 
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(U)  Multimission  integrated  propulsion  system  (NMIPS)  has  been  investigated  in 
several  aircraft  studies  (Figure  25).  These  studies  indicated  that  NMIPS  is 
most  promising  in  aircraft  that  have  significant  performance  requirements  at 
two  or  more  significantly  different  flight  conditions.  Thus,  KMIPS  was 
considered  for  the  minimum  penetration  time  vehicle. 
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(U)  Figure  25.  MMIPS  concept  and  operation.  (U) 


Turbopvops 


(U)  Recent  engine  manufacturers  studies  (References  4,  5,  and  6)  show  that 
advanced  turboprop  engines  have  significant  performance  advantages  up  to  nmch 
O.fi  relative  to  advanced  turbofans.  However,  propellers  provide  high  radar 
signature  return,  even  when  composite  materials  are  used.  Thus,  turboprops 
were  not  considered  further. 


Rocket- Assisted  Takeoff  (RATO)  „ 

(U)  RATO  can  be  considered  when  penalties  might  otherwise  be  incurred  by  the 
necessity  of  sizing  the  engines  to  meet  a takeoff  requirement.  Other  factors 
to  be  considered  include  a logistics  problem  and  the  structural  weight  penalty 
for  mounting.  Engine  cycles  were  defined  for  each  aircraft  design  which  did 
not  require  RATO. 


Regenerative  and  Intercooling  Cycles 
(U)  Three  concepts  were  considered: 

1.  Regenerative:  The  high-pressure  compressor  discharge  air  is  ducted 
through  a heat  exchanger  in  the  turbine  discharge  gas  to  preheat  the 
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air  prior  to  burning.  This  reduces  specific  fuel  consumption.  An 
additional  advantage  of  this  cycle  is  reduced  IR  signature  due  to  lower 
exhaust  gas  temperature,  Previous  studies  [References  4,  S,  and 
6)  show  that  the  performance  gains  tend  to  be  offset  by  heat  exchanger 
weight  and  pressure  losses.  Therefore,  this  concept  was  not 
recommended. 

2.  Intercooling:  Cooling  between  compressor  stages  (for  example,  using 

liquid  hydrogen  as  a heat  sink)  reduces  the  amount  of  work  done  to 
reach  a given  pressure.  A study  by  Garrett/AiResearch  indicates  that 
performance  may  be  improved  slightly  relative  to  a nonintercooled 
turbofan  system.  Here  again,  performance  gains  tend  to  be  offset  by 
weight  and  pressure  losses;  therefore,  the  concept  was  not  recommended. 

3,  Turbine  Cooling  Flow  Cooling:  Cooling  of  turbine  cooling  flow  (using 
fuel  as  a heat  sink)  results  in  lower  amounts  of  cooling  flow  required 
and,  thus,  higher  specific  thrust.  Because  the  cooling  flow  required 
for  the  engines  of  this  study  was  so  small,  it  was  felt  that  there 
would  be  little  or  no  payoff  for  this  concept.  (U) 


NOZZLES 

(U)  Two  nozzle  types  were  considered:  conventional  axisymmetric  and  asymmetric 

(2-D),  Nozzle  concept  and  technology  assessment  is  summarized  in  Table  3. 
Axisymmetric,  convergent-divergent.,  independent  variable  exit  area  nozzles 
provide  peak  internal  performance  for  all  operating  conditions.  However,  2-D 
nozzles  offer  potential  benefits  in  several  areas.  Significant  benefits  to  the 
aircraft  maneuver  capability  and  takeoff/landing  distance  have  recently  been 
identified  with  in-flight  thrust  vectoring,  thrust  reversing,  and  super- 
circulation lift  (propulsive  lift  enhancement) , These  benefits  can  improve 
maneuver  performance  for  aircraft  having  given  control  surfaces  sizes,  or  can 
result  in  smaller  control  surfaces  with  an  attendant  reduction  in  aircraft 
weight  and  drag  for  the  same  maneuver  performance,  These  features  are 
mechanically  more  easily  applied  to  a 2-D  nozzle  than  to  their  axisymmetric 
counterparts.  Analytical  studies  have  shown  improved  supercirculation  lift 
for  high- aspect-ratio  (width/height)  2-D  nozzle  designs  compared  to  the 
restricted  circular  shape  of  axisymmetric  nozzles,  In  addition,  drag  for 
multiple-engine  installations  may  be  less  because  of  cleaner  aircraft  lines. 

(U)  Finally,  aircraft  survivability/vulnerability  is  improved  by  the  infrared 
radiation/radar  cross-section  (IR/RCS)  signature  suppression  inherent  in  high- 
aspect-ratio  2-D  nozzles,  The  exhaust  plume  diffusion  rate  is  greatly  increased 
with  nozzle  aspect  ratio,  and  aft  view  RCS  may  bo  reduced  with  wedge  or  single- 
expansion-ramp nozzles  by  shielding  the  ertgine  turbine. 
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PROPULSION  CONTROLS 

(U)  The  complexity  \>£  advanced  aircraft  and  the  required  capability .for 
multimission  mode  in-flight  variation  of  the  flying  qualities  to  achieve  a 
specific  mission  task  dictate  the  use  of  advanced  control  concepts.  Such  a 
concept  is  the  digital,  fly-by-wire,  flight/fire/propulsion  integrated  control 
system.  Through  a trim  drag  reduction,  the  incorporation  of  an  integrated 
control  system  provides  significant  fuel  savings  in  the  penetration  leg  and 
the  related  increase  in  engine  life.  The  concept  permits  steady-state  perform' 
ance  to  be  optimized  without  regard  to  conventional  stability  margins  required 
for  transients;  the  transients  may  be  sensed  and  stability  margins  may  be 
incroased  for  the  duration  of  the  transient.  Assessment  of  this  control 
concept  is  summarized  in  Table  3. 

CU)  The  integrated  fire/flight/propulsion  control  system  concept  was  included 
in  the  propulsion  system  performance  analysis. 


FUELS 


(U)  Assessment  of  alternate  fuels  is  summarized  in  Table  5. 
slurries,  liquid  fuels,  and  nuclear  power  are  discussed. 


Solid  fuels, 


(U)  TABLE  S.  TECHNOLOGY  ASSESSMENT  - FUELS  (U) 
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Solid  Fuels  (Not  Recommended) 

(U)  Some  materials  could  be  used  in  a dry  powdered  form  as  a fuel.  These 
include  aluminum,  beryllium,  boron,  cirbon,  lithium,  lithium  hydride,  magnesium, 
silicone,  and  titanium.  These  materials  tend  to  be  expensive.  In  addition, 
incomplete  combustion  could  result  in  rapid  wear  of  engine  parts  downstream  of 
the  combustor  and  in  increased  IR  signature. 

(U)  One  new  concept  is  that  of  metallic  hydrogen.  The  metallic  form  would 
have  a density  approximately  10  times  that  of  the  liquid;  thus,  aircraft  volume 
could  be  reduced  dramatically. 

(U)  The  NASA  Lewis  Research  Center  has  given  grants  to  Cornell  University  and 
to  the  University  of  Maryland  to  build  presses  designed  to  achieve  the  pressures 
required  to  make  metallic  hydrogen.  These  would  start  with  gaseous  hydrogen 
at  atmospheric  pressure,  NASA  Lewis  is  also  designing  a press,  but  it.  will 
start  with  liquid  hydrogen.  This  press  is  to  be  completed  late  in  1978, 

(U)  The  pressures  requirod  to  achieve  metallic  hydrogen  are  estimated  to  be 
from  1 to  3 megabars  (15  to  45  million  psia).  Whether  it  will  be  stable  is 
not  known.  Thus,  it  was  not  recommended  for  consideration  in  this  study, 


Slurries  (Not  Recommended) 

(U)  The  suspension  of  powders,  such  as  those  described  in  the  preceding,  in 
liquid  fuels  would  result  in  the  same  problems  as  the  solid  fuels.  In  addition, 
storage  of  slurries  may  be  a problem  due  to  the  settling  out  of  the  solid. 

Liquids 

Acetylene  (Not  Recommended) 

(U)  Acetylene  would  appear  to  provide  a good  alternate  fuel  based  on  fuel 
heating  value.  However,  it  is  more  expensive  than  either  JP  or  synthetic  JP, 
it  would  increase  radar  cross  section  because  of  the  larger  volume  required, 
and  it  would  result  in  additional  ground  handling  requirements  because  of  its 
low  boiling  point  (-119°  F), 


Ammonia  (Not  Recommended) 

(U)  The  very  low  fuel  heating  value  of  ammonia  would  result  in  very  high  fuel 
weight  and  volume.  Storage  of  ammonia  would  create  additional  ground  handling 
requirements  because  of  its  low  boiling  point  (-28°  F). 
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Diborane  (Not  Recommended) 

(U)  The  heating  value  of  diborane  is  attractive  but  its  products  of  combustion 
include  boron  oxide  (which  could  deposit  on  engine  parts)  and  boric  acid 
(corrosive).  In  addition,  diborane  is  toxic. 


Ethanol  (Not  Recommended) 

(U)  Ethanol  has  a low  heating  value,  and  it  would  result  in  increased  aircraft 
volume  (increased  RCS). 

I(  1 

Gasoline,  Kerosene,  and  Syncrude  Fuels  (Recommended  for  All  Vehicle  Concepts)  ; 

(U)  These  fuels  have  very  similar  characteristics,  and  synthetic  gasoline  and 
erosene  will  probably  be  produced  in  quantity  from  oil  shale,  tar  sands,  and 
coal  by  the  year  2000,  The  use  of  syncrude  fuels  as  a replacement  for  the 
dwindling  supply  of  petroleum-based  fuels  has  several  advantages  relative  to 
other  fuels.  Syncrudes,  while  more  expensive  than  petroleum-based  fuels  today, 
will  probably  be  the  cheapest  replacement  fuel.  These  fuels  will  require  no 
new  storage  or  handling  facilities.  Use  of  syncrudes  will  mean  minimum  changes 
to  existing  aircraft.  Dual  fuel  facilities  will  not  be  required.  Fuel  should 
be  available  at  all  existing  airfields,  as  opposed  to  selected  fields  for  a new 
fuel. 


Hydrogen  (Recommended  for  Investigation) 

(U)  In  previous  studies  of  low-density  aircraft,  hydrogen  has  resulted  in' 
lower  takeoff  gross  weight  than  JP  fuel.  Thus,  hydrogen  was  considered  for 
the  ISADS  concepts.  Hydrogen  slush  has  advantages  in  that  it  is  approximately 
15-percent  denser  than  the  liquid,  and  there  is  less  boiloff.  However,  the 
slush  is  also  considerably  more  expensive  to  prepare.  Another  advantage  of 
hydrogen  is  that  IR  signature  is  reduced, 

(U)  Cryogenic  hydrogen  has  the  obvious  problems  of  storage  (boiling  point  is 
-423°  F),  world-wide  supply,  safety,  and  portability.  It  has  a very  low 
volumetric  heating  value,  is  expensive,  and  is  energy  intensive,  whether 
produced  from  electrolysis  of  water  or  derived  from  coal  gasification  (currently 
the  least  expensive  means  of  production).  Response  time  may  be  affected  if 
fuel  tanks  have  to  be  filled  or  topped  off.  Additionally,  public  fear  of 
hydrogen  may  be  difficult  to  overcome. 
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Methane  (Not  Recommended) 

(U)  Liquid  methane  also  has  problems  of  storage  (boiling  point  is  -259°  F), 
supply,  safety,  portability,  low  volumetric  heating  value,  and  response  time. 
Its  volumetric  heating  value  is  higher  than  that  of  hydrogen,  but  its  heating 
value  per  unit  weight  is  poorer. 


Methanol  (Not  Recommended) 

(U)  The  primary  disadvantage  of  methanol  is  its  low  heating  value. 


Monomethylamine  (Not  Recommended) 

(U)  Monomethylamine  has  a low  heating  value,  and  it  is  more  expensive  than 
ammonia  or  methane  because  both  are  used  in  its  manufacture. 


Pentaborane  (Not  Recommended) 

(U)  Pentaborane  has  disadvantages  similar  to  those  of  diborane  (production 
of  boron  oxide  and  boric  acid,  toxicity)  and,  in  additibn,  it  ignites 
spontaneously  in  air. 


Propane  (Not  Recommended) 

(U)  Propane  has  a slightly  higher  heating  value  than  kerosene  but  considerably 
lower,  density.  Its  low  boiling  point  (-44°  F)  would  require  special  handling 
It  is  also  more  expensive  to  produce  than  synthetic  kerosene. 


Shelldyne  H (Recommended  for  Minimum-Weight  Concept) 

(U)  Shelldyne  has  slightly  lower  heating  value  than  kerosene,  but  it.  is  much 
denser.  For  airplanes  which  have  a fuel  volume  problem,  Shelldyne  may  be  used 
to  advantage,  This  could  aid  in  reducing  volume  and  structure  of  the  minimum- 
weight  concept.  Currently,  it  is  considerably  more  expensive  than  JP  because 
of  a low  production  rate.  With  a high  production  rate,  it  might  become 
competitive  with  JP. 
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Nuclear  * Power  (Recommended  for  Stealth  Concept) 

(U)  Nuclear  reactor's  may  be  used  as  a source  of  heat  for  aircraft  turbine 
engines.  Nuclear  reactors  have  an  almost  unlimited  energy  source;  therefore, 
they  can  perform  long-endurance  and  long-range  missions, 

(U)  Two  nuclear  heating  methods  were  considered:  direct  and  indirect.  In  the 
direct  cycle,  compressor  discharge  air  is  ducted  through  the  nuclear  reactor 
and  thence  to  the  turbine  and  noz2le  (Figure  26).  The  indirect  cycle  uses  a 
coolant  to  remove  heat  from  the  reactor  and  transport  it  to  a heat  exchanger  in 
the  compressor  discharge  airflow  stream  (Figure  27) . The  direct  cycle  is  sim- 
pler, but  the  indirect  cycle  has  a greater  air  intake  capability.  Several 
engines  can  be  associated  with  one  reactor;  this  arrangement  yields  minimum 
weight.  However,  a configuration  which  has  one  reactor  per  engine  is  simpler. 
In  a direct  cycle,  the  engines  are  generally  adjacent  to  the  reactor  shield. 

The  indirect  cycle  permits  more  freedom  in  locating  the  engines.  Because  of 
the  excessive  weight’ of  shielding  each  reactor  in  a direct  cycle,  only  the 
indirect  cycle  was  considered  in  this  study. 


(U)  Figure  26,  Direct-cycle  nuclear  turbojet.  (U) 


(U)  Figure  27.  Indirect -cycle  nuclear  turbojet.  (U) 
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(U)  Two  radiation  shield  types  were  considered:  unit  shield  (all  shielding 

around  the  reactor)  and  divided  shield  (some  shielding  around  the  reactor, 
some  around  the  crew).  Because  a unit  shield  is  much  heavier,  the  divided 
shield  was  used. 

(U)  In  a study  of  large  aircraft  (Reference  7),  a nuclear-powered  aircraft 
was  some  40-percent  heavier  than  a kerosene-fuel  aircraft  carrying  the  same 
payload.  This  was  a result  of  operational  constraints  (kerosene  fuel  used  for 
takeoff  and  landing  with  reactor  inoperative,  plus  kerosene  for  emergency 
flight).  Thus,  the  nuclear  aircraft  was  re-examined  in  this  study,  without 
imposing  those  operational  constraints. 

(U)  A crucial  aspect  of  a nuclear  aircraft  program  is  the  question  of 
safety.  Routine  operations  can  be  conducted  so  that  both  workers  on  the 
program  and  the  general  public  will  not  receive  radiation  doses  greater  than 
allowable.  However,  there  is  always  the  possibility  of  a crash  and  the  result 
ant  release  of  radioactivity.  Some  developments  have  been  made  on  a crash- 
proof reactor  and  shield  that  will  contain  the  radioactive  material.  Such  a 
device  is  somewhat  incompatible  with  the  requirements  for  fluid  and  heat 
transfer.  The  weight  required  for  the  shield  itself  and  weight  needed  for 
qrash-proofing  probably  can  be  integrated  with  a weight  saving.  In  light  of 
public  attitude  toward  nuclear  power  and  of  the  cancellation  of  the  convention 
ally  powered  B-l,  a nuclear-powered  aircraft  might  not  receive  public 
acceptance. 

(U)  The  projected  availability  dates  of  these  propulsion  technologies  are 
summarized  in  figure  28. 
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(U)  Figure  28.  Propulsion  technology  projections.  (U) 
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CONTROLS 

(U)  The  ISADS  basic  mission  involves  terrain  following  at  low  altitudes  for 
relatively  long  portions  of  the  mission.  The  aircraft  is  a low  load  factor 
design  which  will  result  in  highly  flexible  structure.  The  turbulence  incidence 
is  nearly  100  percent  at  low  altitudes.  These  factors  combine  to  provide  a 
very  rough  ride  for  the  crew,  increased  loads  for  the  structure,  and  a high 
fatigue  rate.  The  terrain- following  requirements  demand  a maneuverable 
aircraft.  The  high  dynamic  pressure  flight  regime  impacts  the  amount  of 
structural  stiffness  required  for  flutter.  Active  control  technology  develop- 
ments are  providing  techniques  for  efficiently  coping  with  these  design 
challenges.  The  active  control  concepts  beyond  the  usual  stability  and 
control  augmentation  functions  (SCAS)  pertinent  to  this  study  are: 

1.  Ride  control 

2.  Gust  load  relief 

3.  Fatigue  rate  reduction 

4.  Structural  mode  control 

5.  Relaxed  static  stability 

6.  Maneuver  load  control 

7.  Active  flutter  suppression 

(U)  Since  ride  control,  gust  load  relief,  and  fatigue  rate  reduction  are 
almost  inseparable  for  purposes  of  this  discussion,  they  are  considered  together 
and  associated  with  structural  mode  control. 


RIDE  CONTROL,  GUST  LOAD  RELIEF,  AND  FATIGUE  RATE  REDUCTION  (STRUCTURAL  MODE 
CONTROL) 

(U)  Ride  control,  gust  load  relief,  and  fatigue  reduction  on  the  fuselage  are 
easiest  to  implement  with  small  aerodynamic  fins  near  the  pilot's  station. 

The  fins  should  be  canted  30  degrees  down  if  both  vertical  and  lateral  struc- 
tural motion  is  a problem.  Fins  could  be  on  the  aft  fuselage,  on  some  config- 
urations, to  reduce  aft  loads  and  fatigue.  A lower  rudder  segment  integrated 
with  regular  SCAS  could  be  implemented  to  reduce  aft  side  loads  and  fatigue 
rate.  Part  of  the  horizontal  tail  also  may  be  used  to  reduce  vertical  gust 
loads  and  improve  fatigue  rate  reduction.  Trailing  edge  controls,  both 
inboard  and  outboard,  could  be,  implemented  to  reduce  gust  loads  and  improve 
fatigue  rate  reduction  on  lifting  surfaces.  On  the  wing,  this  system  could  be 
integrated  with  SCAS  functions  and  maneuver  load  control.  Wing  trailing  edge 

UNCLASSIFIED 


41 


UNCLASSIFIED 


controls  become  increasingly  more  difficult  to  implement  as  the  wing  sweep 
increases.  These  systems  work  mainly  to  damp  structural  modes,  although  some 
rigid  body  motion  can  be  attenuated,  (U) 

(U)  The  Rockwell- developed  concept  of  placing  the  sensor  (an  accelerometer) 
close  to  the  force  generator  (identical  location  of  accelerometer  and  force 
(ILAF))  would  be  best  to  use.  The  sensor  signals  are  compensated  to  provide 
structural  damping  by  the  controls.  On  the  B-l,  Rockwell  was  able  to  save 
approximately  11  percent  of  the  fuselage  structural  weight  that  would  have 
otherwise  been  required  to  meet  ride  quality  stiffness  requirements  beyond 
those  resulting  from  strength  considerations.  These  concepts  are  well  developed 
and  proven  by  flight  test  (B-l,  B-52,  and  XB-70). 


RELAXED  STATIC  STABILITY 

(U)  With  highly  reliable  and  redundant  control  systems,  it  is  possible  to 
reduce  the  inherent  longitudinal  or  directional  static  stability  required  by 
an  aircraft.  This  means  that  the  possibility  exists  for  reducing  the  horizontal 
and  vertical  tail  sizes  with  a consequent  reduction  in  wetted  area  drag  and 
trim  drag.  Care  must  be  exercised  in  integrating  this  concept  with  aircraft 
balance  and  nosewheel  liftoff  capability  at  takeoff,  A recent  prototype 
version  of  an  improved  Lockheed  L-1011  was  able  to  reduce  the  horizontal  tail 
size  by  20  percent  over  the  original  L-1011  tail.  This  concept  is  well 
developed  and  proven  with  flight  test  (B-52,  F-16,  and  L-1011). 


MANEUVER  LOAD  CONTROL 

(U)  Maneuver  load  control  is  used  mainly  to  reduce  the  inboard  wing  bending 
moment  under  design  maneuver  conditions.  This  is  accomplished  by  redistributing 
wing  lift  so  that  the  center  of  pressure  is  moved  inboard.  Implementation  of 
the  concept  is  usually  done  through  inboard  and  outboard  trailing  edge  controls. 
However,  this  could  be  augmented  through  wing  warping  and  elastic  tailoring. 

The  payoff  could  be  reduced  wing  weight  for  a given  wing  size  or  increased 
wing  aspect  ratio  for  a given  weight.  The  system  is  activated  by  accelerometers 
mounted  near  the  nominal  center  of  gravity.  Where  weight  has  been  the  prime 
consideration,  a savings  of  6 to  9 percent  of  wing  weight  has  been  realized  in 
some  studies.  The  concept  could  be  integrated  with  the  Yegular  SCAS  and  ride 
control,  gust  load  relief,  and  fatigue  rate  reduction  systems.  This  concept 
becomes  worth  less  and  more  difficult  to  implement  as  the  wing  is  swept  aft. 

This  concept  is  relatively  well  developed  and  flight  tested  (B-52,  05,  and 
L-1011). 


UNCLASSIFIED 

42 


UNCLASSIFIED 


ACTIVE  FLUTTER  SUPPRESSION 

CU)  This  concept  is  similar  to  those  used  to  provide  ride  quality,  gust  load 
relief,  and  fatigue  rate  reductions.  Structural  motion  is  sensed  (accelero- 
meters seem  best)  and  controlled  through  leading  edge  and/or  trailing  edge 
control  surfaces  on  the  lifting  surface  involved.  ILAF  implementation  would 
be  appropriate.  Structural  damping  and  frequencies  are  altered  to  prevent 
flutter.  The  most  conservative  use  of  the  approach  would  be  to  build  the 
lifting  surface  stiff  enough  to  meet  maximum  speed  flutter  requirements  and 
provide  the  margin  requirements  with  the  control  system.  The  less  conservative 
approach  would  be  to  design  the  wing  for  flexible  wingloads  and  static  stability. 
Having  done  this,  it  is  likely  that  the  flutter  boundary  would  be  within  the 
flight  envelope.  Thus,  the  active  flutter  suppression  system  would  be  required 
to  provide  flutter-free  flight  up  to  maximum  speeds  plus  the  required  margin. 

This  system  demands  high  reliability.  As  the  lifting  surface  is  swept,  the 
ability  to  implement  this  concept  becomes  less.  Fortunately,  as  the  lifting 
surface  is  swept  there  is  less  need  for  a flutter  suppression  device.  This 
concept  is  the  least  advanced  of  all  active  controls  discussed,  and  further 
development  work  is  required.  The  concept,  however,  has  been  flight  tested 
for  lightly  damped  flutter  modes  (B-S2).  The  concept  is  currently  being 
explored  in  wind  tunnels  (AFFDL  and  NASA)  and  on  drones  (DAST/NASA)  for 
highly  divergent  flutter  situations. 

(U)  The  projected  availability  dates  of  these  controls  technologies  are 
summarized  in  Figure  29. 
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(U)  Figure  29.  Controls  technology  projections.  (U) 
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STEALTH 

(U)  Reduction  of  aircraft  observables  for  high-performance  vehicles  starts 
with  attempts  to  minimize  the  radar  cross  section.  The  second  priority  is  given 
to  IR  suppression,  and  the  next  consideration  is  visual  camouflage.  Other 
observables  such  as  noise,  laser  cross  section,  and  ultraviolet  cross  section 
are  deemed  to  be  of  considerably  lesser  importance  and  currently  do  not  warrant 
any  aircraft  penalty  or  expense.  Visual  stealth  is  also  a primary  consideration 
for  low-performance  aircraft.  The  detection  threats  are  radar,  infrared,  and, 
to  a lesser  extent,  visual.  Hostile  missile  guidance  uses  radar  and  IR, 

(U)  It  is  highly  doubtful  that  any  of  the  current  threats  will  have 
evaporated  by  1995.  It  is  possible,  however,  that  one  or  more  of  the  lower 
ranking  observables,  such  as  laser  cross  section,  will  be  a matter  of  great 
f concern  at  that  time.  Reduction  of  laser  cross  section,  however,  will  probably 

■ be  accomplished  by  techniques  (such  as  shaping  and  surface  finish  control) 

| that  are  related  to  suppression  of  other  electromagnetic  signals.  Consequently, 

s since  the  threats  are  likely  to  be  broader  and  more  intense  in  1995,  the 

i stealth  design  efforts  will  be  more  critical  and  will  yield  greater  payoffs. 

[ The  principal  payoff  for  successful  stealth  design  is  the  ultimate  reward, 

survivability,  but  there  are  additional  payoffs  in  the  areas  of  reduction  of 
r gross  weight,  reduced  complexity,  lower  cost,  and  reduction  in  logistics 

requirements. 


RADAR  CROSS  SECTION  (RCS) 

(If)  The  techniques  used  for  RCS  reduction  are  variations  on  the  twin  themes 
of  reflection  (in  directions  away  from  the  radar  receiver)  and  absorption. 
Improvements  in  materials  continually  advance  the  effectiveness  of  absorber 
systems.  The  area  of  current  greatest  progress  is  the  development  of  struc- 
tural radar- absorb ant  material  (RAM)  systems  which  are  used  in  aircraft 
cavities  such  as  inlet  ducts  and  antenna  cavities. 

(u)  RAM  materials  comprise  two  general  types:  structural  and  parasitic. 

Structural  RAM  may  replace  existing  structure  and  thus  will  carry  the  necessary 
loads  while  simultaneously  serving  as  a radar  absorber.  Parasitic  RAM,  as  the 
name  implies,  is  applied  over  an  existing  structure  and  has  little  or  no  useful 
structural  properties. 


Structural  Absorbing  Systems 
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limited  applications  where  very  high  values  of  absorption  are  required.  The 
additive  materials  usually  involve  single-core  systems  with  an  electrically 
lossy  core.  These  are  the  primary  candidate  systems  for  inlet  application 
since  they  are  the  most  similar  to  normal  structure  and  have  the  same  strength 
and  weight.  (U) 

(U)  A single-core  RAM  system  is  3hown  in  Figure  30.  For  frequency  coverage 
down  through  S-band  (2  GHz),  t is  nominally  1-inch  minimum  with  no  upper  limit 
and  may  be  varied  indiscriminately  for  t's  greater  than  1 inch.  C is  typically  a 
heat-resistant  phenolic  3/16-inch  cell  of  3 to  8 pounds  density,  and  gp  is  a 
reflective  sheet  of  either  aluminum  foil  or  fine-mesh  screen  used  as  a ground 
plane  to  terminate  the  absorber.  F*  and  Fu  are  the  front  and  rear  glass 
filament  reinforced  resin  facings  which,  with  the  overall  core  thickness, 
make  up  the  basic  structure,  As  a single  laminate,  is  limited  to  roughly 
0,05  to.  0.06  inch  to  maintain  high  absorptivity  of  specular  incidence.  The 
radar-absorptive  properties  are  obtained  by  specially  treating  the  core  with 
a carbon/resin  coating  that  has  a weight  of  approximately  0.03  pounds  per 
board  foot. 


(U)  Figure  30,  Single  core  RAM  system.  (U) 

(U)  The  core  may  be  a single  layer  of  lossy  spacer  or  may  be  graded  in  the 
direction  of  the  ground  plane. 


Matorials  for  Structural  Absorbing  Systems 

(U)  With  the  exception  of  the  ground  plane,  all  materials  which  are  used  in 
the  absorber  must  be  dielectric,  The  ground  plane  is  usually  of  conductive 
material  through  which  an  electric  field  will  not  propagate.  The  remainder  of 
the  absorber  passes  or  absorbs  part  or  all  of  the  incident  radiation. 
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Skins 

(U)  For  lightweight  structures,  skin-core  sandwich  is  usually  used.  In  this 
case,  the  skins  are  the  basic  load-carrying  elements  as  well  as  the  source  for 
most  of  the  weight  of  the  structure,  Most  of  the  structures  to  date  have  been 
made  from  resin-fiberglass  systems  where  the  resin  is  selected  according  to  the 
expected  environment  of  the  part.  Epoxy,  phenolic,  and  polyimide  resins  have 
been  user1,  to  bind  glass  which  is  either  woven  or  in  the  form  of  unidirectional 
multistrand.  Where  maximum  front  face  transparency  is  a factor,  skins  have 
been  made  from  quartz  fabric  bonded  with  polyimide  resin. 

(U)  Advanced  composites  are  being  developed  which  include  graphite,  boron, 
and  PRD-49  (DuPont)  as  replacements  for  fiberglass  and  quartz.  These  materials 
have  favorable  stiffness  properties  along  with  high  specific  strength.  PRD-49 
is  eminently  suitable  for  RAM  purposes  because  it  has  both  a low  dielectric 
constant  and  low  loss  tangent.  RAM  systems  have  been  prepared  using  these 
skins  with  absorption  values  as  good  or  better  than  fiberglass. 

(U)  Graphite  and  boron,  however,  are  electrically  conductive  and  cannot  be 
used  as  the  skin  on  which  the  energy  impinges.  The  back  skin,  which  is  a 
conductive  ground  plane,  can  be  made  from  graphite  or  boron  and  will  work  as 
well  as  metal. 


Cores 

(U)  Various  materials  may  be  used  for  core  spacers,  including  glass  epoxy, 
glass-phenolic,  and  glass -polyimide  as  candidates.  Metal  core  appears  the 
same  as  a sheet  of  metal  when  viewed  by  the  radar  field  and  therefore  cannot 
be  used  as  a spacer. 

(U)  For  lossy  core  absorbers,  the  core  selection  is  made  based  upon  load 
requirements  and  the  core  is  overcoated  with  a resin-pigment  system  which 
imparts  a lossy  characteristic  to  the  core.  This  has  much  less  conductivity 
than  metal  core, 


Adhesives 

(U)  Adhesives  are  required  to  bond  the  various  components  together.  These 
adhesives  need  to  be  suitable  to  the  end-use  environment  but  cannot  contain 
metal  fillers  since  these  would  interfere  with  the  proper  interaction  of  the 
electrical  elements  during  absorption. 
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Structural  Design  Considerations 

(U)  Fundamentally,  structural  design  of  absorbing  systems  is  identical  with 
the  counterpart  nonabsorbing  structure.  In  the  case  of  skins,  solid- laminate 
spacers,  and  lossy  core  absorbers,  these  components  are  the  same  as  in  any 
other  sandwich;  therefore,  design  allowables  for  these  components  are  directly 
derived  from  general  material  considerations. 


Bonding 

(U)  Coating  of  the  core  with  the  carbon/resin  mixture,  which  is  the  only 
deviation  from  standard  structure,  has  no  effect  on  bonding  properties.  However, 
in  case  of  doubt,  the  coating  can  be  masked  from  the  adhesive  fillet  area  by  a 
lost  wax- type  process. 


Temperature 

(U)  The  resin/carbon  core  coating  mixture,  which  again  is  the  only  deviation 
from  standard  structure,  will  not  be  affected  by  temperature  if  the  resin 
carrier  is  selected  for  its  temperature  properties,  which  would  be  the  same  as 
the  remainder  of  the  structure. 


Moisture  and  Humidity 

(U)  The  effect  of  excess  moisture  absorption  is  a change  in  electromagnetic 
properties  as  well  as  some  degradation  in  the  structural  properties.  The  high 
dielectric  constant  of  water  (80  compared  to  4 for  most  glass-resin  systems) 
changes  the  electrical  response  of  the  absorber.  Resins  that  possess  good 
resistance  against  extreme  weather  conditions  should  be  used  in  conjunction 
with  external  surface  sealant  to  limit  moisture  absorption. 


Panel  Design 

(U)  Figure  30  showed  a typical  inlet  RAM  panel  construction  that  employs  the 
preceding  principles.  The  front  face  sheet,  honeycomb  core,  and  front  adhesive 
line  are  the  only  components  that  need  be  fabricated  from  dielectric  materials. 
All  other  parts  can  be  of  any  suitable  material.  If  the  panel  rear  face  sheet 
is  made  from  an  electrically  nonconducting  material,  then  a conducting  ground 
plane  must  be  incorporated  (aluminum  foil,  wire  screen,  etc)  on  either  the  front 
or  rear  surface  (or  in  between)  of  this  face  sheet, 
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1995  Technology 

(U)  The  greatest  advancement  to  be  expected  in  the  area  of  structural  absorber 
systems  is  an  increase  in  the  frequency  range  of  highly  absorptive  systems.  At 
the  present  time,  there  is  a trade-off  between  these  two  properties,  with  the 
most  highly  absorptive  materials  not  available  at  the  higher  frequencies.  Given 
the  current  accelerating  interest  in  structural  absorber  systems  development, 
it  is  reasonable  to  expect  an  increase  from  10  dB  reduction  to  between  20  and 
30  dB  reduction  for  the  broad-range,  load-carrying  RAM. 


Nonload-Carrying  Absorbers 

(U)  Structural  absorber  systems  have  not  yet  been  developed  which  will 
withstand  the  engine  exhaust  nozzle  environments.  Parasitic  absorber 
installations,  such  as  ceramics,  carry  a weight  penalty.  Magnetic  absorbers, 
tend  to  become  demagnetized  at  high  temperature  and  lose  their  absorptive 
properties.  This  then  becomes  the  area  of  greatest  improvement  in  RAM  to  be 
expected  by  1995, 

(U)  The  RAM  for  exhaust  systems  use  must  endure  the  severe  environment  of  the 
nozzle  with  respect  to  high  temperature,  thermal  shock,  oxidation,  and 
vibration,  as  well  as  functioning  as  a microwave  absorber  at  high  temperatures. 
The  Air  Force  Avionics  Laboratory  has  been  sponsoring  developments  in  this 
field  (Reference  8),  and  there  is  room  for  much  progress. 

(U)  Another  parasitic  absorber  application  is  the  use  of  magnetic  materials  on 
wing  and  other  airframe  surfaces  to  absorb  traveling  waves  which  reflect  from 
discontinuities  in  the  surfaces,  such  as  wing  trailing  edges.  The  heavy  weight 
(up  to  1 psf)  of  this  material  inhibits  its  use  at  the  present  time.  Material 
developments  can  be  predicted  for  this  area  also. 


Geometry  Control 

(U)  The  reflection  principle  is  used  in  varied  applications  on  aircraft  to 
reduce  RCS.  Planar  retreating  surfaces  are  used,  where  possible,  to  induce  a 
specular  return  away  from  the  receiver.  Comer  reflectors  are  eliminated,  and 
gaps  and  cracks  are  filled  with  absorbing  or  metallized  seals.  Transparencies 
such  as  the  cockpit  enclosure,  are  gold  flashed  to  completely  hide  the  cavity, 
Reflecting  or  absorbing  vanes  may  be  used  in  the  engine  inlet  cavities,  in  con- 
junction with  structural  RAM,  to  prevent  direct  reflection  from  the  front  face 
of  the  engine.  These  techniques  are  important  at  this  time  and  will  still  be 
Important  in  1995,  but  it  is  difficult  to  postulate  improvements  in  them,  since 
the  techniques  work  well  now  when  sufficient  time  is  applied  to  them  before  the 
vehicle  design  is  fixed. 
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Tuned  Radomes 

(U)  A new  development  is  the  use  of  tuned,  or  selective  frequency,  radomes 
which  permit  only  the  narrow  band  used  by  the  aircraft  radar  system  to  pass 
and  present  a reflective  metal  surface  to  all  other  frequencies.  The  geometry 
of  the  ground  plane  and  the  transmission  characteristics  are  as  shown  in 
Figure  31,  and  the  construction  characteristics  are  shown  in  Figure  32.  This 
technology  will  almost  certainly  be  matured  and  in  operation  by  1995. 


PHYSICAL  GEOMETRY  TRANSMISSION 


(U)  Figure  32.  Detailed  wall  construction.  (U) 
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RCS  Prediction  Methods 


(U)  The  lack  of  accurate  analytical  models  for  aircraft  RCS  prediction  has 
been  a critical  technology  void.  Up  to  the  present  time,  it  is  still  faster 
and  cheaper  to  fabricate  RCS  models,  test  them  on  a range  or  in  an  anechoic 
chamber,  and  then  reduce  the  data  than  it  is  to  use  the  best  current  analytical 
models.  This  is  because  the  analytical  models  are  both  slow  and  are  capable 
of  caclulating  only  the  simplest  geometries,  particularly  with  respect  to  the 
important  inlet  and  nozzle  cavities.  New-generation  digital  computers  and 
increased  emphasis  on  vehicle  stealth  design  make  this  an  area  for  predictable 
improvements.  When  the  analytical  methods  are  available,  the  demonstrated 
geometry  methods  of  RCS  reduction  will  be  easier  to  apply  early  in  the  design 
process. 


IR  SUPPRESSION 

(U)  For  high-performance  aircraft,  the  IR  signature  is  a function  of  both  the 
system  operation  and  the  design,  Higher  engine  power  settings  increase  the 
emission  from  the  hot  metal  parts  of  the  exhaust  system  and  from  the  engine 
plume.  Sustained  high  velocity  results  in  significant  IR  emission  from  the 
entire  aircraft  skin,  particularly  in  the  longer  wavelength  bands  that  are 
used  by  the  new  IR-seeking  missiles.  Design  features  that  impact  the  IR 
signature  include  the  selection  of  engine  cycle,  the  exhaust  system  and 
augmenter  design,  and  the  surface  coating  used  on  the  aircraft  skin.  IR 
suppression  techniques  of  shielding,  cooling,  and  emissivity  control  may  be 
applied  to  these  aspects  of  aircraft  design. 

(U)  For  a low-altitude  penetrator  in  the  1995  time  frame,  detection  from 
space  vehicles  is  a prime  hazard.  The  airplane  skin  radiation  would  be  limited 
by  using  an  external  paint  that  simultaneously  provides  low  IR  emissivity  and 
high  resistance  to  nuclear  flash.  Silicon  binder  materials  (Reference  9) 
yield  a SO-percent  reduction  in  IR  emissivity  compared  to  current  aircraft 
paints.  Further  improvements  in  the  reflectivity  can  be  assumed  for  199S. 

To  minimize  the  engine  hot  part  and  engine  plume  IR  emission,  a 2-D  exhaust 
nozzle  with  an  upper  external  ramp  surface,  such  as  the  GE  ALBEN  nozzle, 
should  be  used,  A 2-D  nozzle  of  4 (or  more)  aspect  ratio  suppresses  the  plume 
emission  during  nonaugmented  operation  and  denies  viewing  up  the  tailpipe  of 
the  hot  metal  parts  of  the  exhaust  system.  (If  rear  aspect  IR  emission  is  the 
significant  consideration,  a 2-D  plug  nozzle  should  be  used  as  the  suppressor.) 
To  provide  cooling  air  for  the  shielding  surfaces  and  to  further  dissipate 
plume  radiation,  the  engine  bypass  ratio  should  be  as  high  as  is  practical.  A 
limiting  factor  on  the  bypass  ratio  is  that  it  increases  the  engine  inlet  size 
and  therefore  may  aggravate  the  RCS  reduction  problem. 

(U)  The  shielding,  cooling,  and  emissivity  control  methods  of  IR  suppression 
will  probably  still  be  applicable  in  1995.  Advancements  will  probably  be 
pronounced  in  the  improvement  of  the  nozzle  suppressor  designs  using  internal 
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blockage  devices  that  hide  the  turbine  from  view.  Hydrogen  fuels  would 
eliminate  the  carbon  dioxide  radiation  at  4.3  microns,  which  is  the  principal 
radiation  source  during  afterburner  operation,  but  the  IR  problem  would  still 
remain  due  to  the  other  sources.  Use  of  aerosol  inject ants  or  other  expendable 
suppression  techniques  is  not  likely  to  be  feasible  for  a long-range  aircraft.  (U) 


STRUCTURE  - AIRFRAME  CONCEPTS 

(U)  The  goals  for  the  airframe  structure  of  the  strategic  aircraft  of  the 
post- 1995  time  period  are  clear.  They  must  be  less  expensive,  lighter, 
contribute  to  the  survivability  of  the  whole  aircraft,  be  more  durable  with 
respect  to  service  life,  be  less  expensive  to  maintain,  and  be  more  easily 
repaired,  This  will  require  new  structure  design  and  fabrication  technology 
in  order  to  move  the  Air  Force  and  the  industry  closer  toward  closing  the 
requirement/ cost  gap  for  future  strategic  systems. 

(U)  To  accomplish  these  goals,  the  use  and"  development  of 'new  materials  and 
processes  that  can  contribute  significantly  to  the  challenge  of  "materials" 
manufacturing  must  be  accomplished.  This  will  require  exploitation  and  develop- 
ment of  existing  materials,  new  materials,  and  material  combinations  to  the 
extent  required  to  significantly  reduce  end-item  acquisition  costs.  ' 


MATERIALS 

State-of-the-Art 

(U)  Material  systems  in  use  for  current  aircraft  structure  can  be  separated 
into  three  categories  of  materials: 

1.  Advanced  composite  maerials  encompassing  the  family  of  fiber- reinforced 
organic  matrix''  materials 

2.  Metal  materials,  normally  titanium,  aluminum  or  steel 

3.  Metal  matrix  materials  encompassing  the  family  of  fiber- reinforced 
metal  matrix  material  combinations 


Advanced  Composite 

(U)  Advanced  composite  materials  have  emerged  from  the  laboratory  to  become 
materials  with  application  to  production  airframe  structures.  Other  composite 
materials  such  as  boron/ tungsten  filament  or  Kevlar  fiber- reinforced  organic 
matrix  materials  have  had  limited  incorporation  on  existing  airframes,  as  have 
polyimide-resin  fiber-re.inforced  materials,  except  for  radome  applications. 
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Metallic  Materials 

(U)  For  titanium,  particular  emphasis  has  been  placed  on  reducing  Manufactur- 
ing costs  while  maximizing  aircraft  performance  (weight  reduction)  through  the 
development  of  diffusion,  bonding  and  concurrent  superplastic  forming/diffusion 
bonding  technologies, 


Metal  Matrix 

(U)  These  advanced  composite  materials  have  been  slow  in  developing  into  viable 
materials  for  use  on  existing  aircraft,  primarily  due  to  the  reduced  mission 
requirements  of  today’s  aircraft  systems.  Comprised  of  directionally  oriented, 
high-strength,  high-modulus  continuous  filaments  entrapped  within  a metal 
matrix,  these  materials  offer  the  designer  flexibility  through  tailoring  of 
strength  and  stiffness  while  maintaining  the  damage  tolerance  and  environmental 
characteristics  of  metal  structures. 


Projected  Technology  - 1995  and  Beyond 

(U)  The  designer  of  post-1995  airframes  will  have  available  a wide  range  of 
materials  to  choose  from  that  will  have  lower  cost,  lower  weight,  and  improved 
maintainability  characteristics  as  technology  improvements  and  developments 
accrue  during  the  next  20  years. 


Advanced  Composite 

(U)  In  the  field  of  advanced  composite  materials,  current  developments  in 
processing  of  net-molded  advanced  composite  parts  demonstrate  that  net  molding 
will  be  a standard  process  for  the  1995  airframe  and,  when  coupled  with  use 
of  low-bleed  or  zero-bleed  prepregs,  will  produce  parts  with  a minimum  of 
material  waste  and  fabrication  hours. 


Metallic  Materials 

(U)  Metallic  materials  for  airframe  use  will  be  selected  to  maximize  service 
life.  Special  considerations  will  be  given  to  toughness  characteristics  of 
the  materials  and  to  the  resistance  of  various  types  of  corrosion, 

(U)  Recent  developments  have  resulted  in  new  aluminum  alloys  such  as  2048-T851, 
7050-T76,  and  7475-T76,  which  had  limited  application  on  existing  aircraft  but 
should  be  available  for  post-1995  aircraft.  2219-T851,  an  existing  material, 
will  be  used  where  welding  is  required.  Of  the  emerging  alloys,  2048-T851  will 
be  used  where  welding  is  required  and  for  tension  skins  where  thickness  is 
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over  1.5  inches  or  where  exposed  to  temperatures  over  250®  F.  7075-T76  and 
747S-T76  will  be  used  at  temperatures  below  250®  F,  where  high  compression 
yield  is  required*  7475-T76  will  also  be  used  for  its  high  fracture  toughness 
properties.  Aluminum  sheet  material  such  as  M67-T7E71,  made  out  of  pow- 
dered metallurgy  billets,  will  be  used  where  high  tension  or  compression  proper- 
ties are  required.  Properties  for  these  alloys  are  shown  in  Table  6.  Disper- 
sion-strengthened aluminum  alloys  with  strength  properties  equivalent  to  those 
of  M67-T7E71,  but  with  improved  fatigue,  crack  growth,  fracture  toughness, 
expoliation,  and  stress  corrosion  resistance,  will  compete  for  application 
where  titanium  is  used  today.  (If) 

(U)  TABLE  6.  CANDIDATE  ALUMINUM  ALLOYS  FOR  1995  (U) 


Property 

- 
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62 
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56 

45 

64 

63 
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33 

33 

30 

40 

25 

E (X  106  psi) 

11.3 

10.3 
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10.3 
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Excall 

Good 

Good 

Good 

e (lb/in.3) 

0,099 

0.102 

0.102 

0.101 
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(U)  Recent  experiments  have  produced  an  aluminum  sheet  product  with  substantially 
improved  strength  properties,  The  process  appears  to  be  applicable  to  all 
conventional,  precipitation  hardenable  aluminum  alloys.  There  is  potential 
for  improved  fatigue  strength  as  well  as  superplastic  forming  capability, 

(IJ)  For  titanium  alloys,  it  is  easy  to  project  that  by  1995  the  emerging 
alloys  of  T1-10V-2F3-3A1  and  Corona  -5  (Ti-4,5Al-5Mo-l,5  Cr)  in  thick  sections 
will  be  commonplace  in  aircraft  manufacture.  Corona  -5  STA  is  especially 
desirable  because  of  its  high  fracture  toughness  and  its  air-cool  quench  process, 
making  it  compatible  with  diffusion  bonding.  Thin-sheet  titanium  candidates 
(triplex  .annealed  Ti-6Al-2Sn-4Zn-6Mo,  Ti-15V-3Cr-3Al-3Sn,  and  Ti-10V-2Fe-3Al) 
are  selected  because  of  their  high  strength,  high  stiffness-to-weight  ratios, 
and  forming  capability.  Textured  titanium  products  will  offer  25-  to  30-percent 
improvement  in  modulus  and  strength  properties  in  the  longitudinal  direction, 
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with  little  or  no  degradation  of  transverse  properties.  Textured  properties 
have  been  demonstrated  for  Ti  6-4  and  Ti-6-2-4-6  alloys.  Properties  for 
these  titanium  alloys  are  shown  in  Table  7,(U) 

(U)  It  is  also  projected  that  new  titanium  processes  such  as  hot  isostatically 
pressed  powder  metallurgy  parts,  flow  forming,  and  isothermal  forging  technology 
will  have  reached  a level  of  maturity  for  incorporation  on  post-1995  aircraft, 
supplementing  superplastic  forming/diffusion  bonding  options  which  are  in 
application  status  on  today’s  airframes. 


(U)  TABLE  7.  CANDIDATE  TITANIUM  ALLOYS  FOR  1995  (U) 


Thick  Mellon 
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Metal  Matrix 

(U)  In  the  metal  matrix  field,  one  of  the  most  promising  fiber  developments 
which  should  see  full-scale  production  experience  by  1995  is  carbon-core 
silicon-carbide  fibers.  Effectively  chemically  inert  and  capable  of  withstanding 
molten  aluminum  temperatures  without  appreciable  strength  losses,  current 
technology  investigations  include  continuous  filament-reinforced  castings. 
Although  in  their  early  stages  of  development,  current  wetting  tests  (fiber 
dippling  in  molten  metal)  show  longitudinal  strengths  far  in  excess  of  the 
rule  of  mixtures  principle,  and  continuous -tape  preform  concepts  are  already 
under  laboratory  investigation  by  Rockwell.  If  proven  successful,  cost 
projection  of  filament -reinforced  cast  structure  may  show  the  first  example 
of  metal-matrix  advanced  technology  cost- competitive  with  conventional  sheet 
metal  construction. 


UNCLASSIFIED 

54 


UNULAiblMtU 


Improved  Technology  Payoffs 

(U)  Improved  technology  will  show  payoffs  in  the  form  of  decreased  cost  and 
weight  of  1995  aircraft  designed  to  perform  a specified  mission.  This 
will  be  accomplished  by  means  of  improved  weight/ strength  ratios,  higher 
design  allowables  due  to  lower  data  scatter,  and  damage-tolerance  enhancement. 
The  improved  payoffs  thus  will  lead  to  mission  completion  enhancement  and 
imp roved  buy- to- fly  ratios. 

(U)  Two  types  of  improvements  are  foreseen  for  advanced  composites.  Improved 
production  processes  will  lead  to  a more  reliable  achievement  of  the  higher 
end  of  Rockwell’s  present  data  scatter,  thus  leading  to  higher  design  allow- 
ables. Increased  use  will  lead  to  less  conservatism  in  design,  especially 
in  the  area  of  joints  and  environmental  effects,  with  resultant  lower  cost, 
both  for  the  material  and  the  manufactured  product. 

(U)  For  metallic  structures,  improved  fabrication  processes  such  as  super- 
plastic-formed/diffusion bonding  can  lead  to  weight/cost-effective  sandwich 
construction  heretofore  unattainable. 

(U)  Integral  structures  construction  (i.e.,  reduction  in  complexity  and  the 
number  of  joints)  and  the  domino  effect  (i.e,,  reduction  in  structural  mass 
leads  to  reduction  in  power/plane  weight  leads  to  reduction  in  structural 
mass...)  will  also  inevitably  lead  to  more  weight/cost-efficient  structures, 

(U)  In  conclusion,  it  is  anticipated  that  aircraft  weight  and  cost  reductions 
of  30  to  50  percent  are  entirely  feasible. 


Materials  Technology 

Group  1 - Advanced  Composites 

(U)  Areas  where  advanced  composite  technology  development  or  improvement  must 
be  accomplished  are: 

1.  Development  and  mechanical  property  characterization  of  commercial- 
grade  graphite,  boron,  and  Kevlar  fibers  in  unidirectional  tapes, 
woven  fabrics,  and  broadgoods 

2.  Development  and  characterization  of  resin  systems,  both  epoxy  based 
and  polyimide  based,  that  have  substantially  increased  resistance 
to  moisture  degradation 

3.  Development  of  polyimide  resin  systems  with  processing  characteris- 
tics similar  to  epoxy  resins  to  permit  wide-spread  application  to 
post- 1995  airframes 
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4.  Development  of  graphite /epoxy- reinforced  honeycomb  core  to  permit 
the  use  of  full-depth  honeycomb  sandwich  structure  to  be  used  on 
post-1995  airframes  free  of  the  corrosion  problems  plaguing  aluminum 
core  applications  today  and  with  higher  strength-to-weight  ratios 
that  exist  for  today's  glass-reinforced  (HRP)  core.  The  following 
hybrid  and  thermoplastic  matrix  advanced  composite  honeycomb  cores 
have  been  selected  for  development  or  improvement  in  current  programs: 

a.  Expanded  hybrid  HFT,  GY- 70  graphite  (600  fibers  per  tow) /fiber- 
glass at  yam  end  ratio  of  1 GY-70/5  glass,  3/16-inch  cell  size, 
4.5  pcf  target  density,  phenolic  resin  matrix 

b.  Expanded  hybrid  HFT,  T-300  graphite  (1,000  tow)/fibegglass  at 
yard  end  ratio  of  l-T-300/t  glass,  3/16-inch  cell  size,  5 pcf 
target  density,  phenolic  resin  matrix 

c.  Corrugated  HFT  reinforced  with  GV-70  graphite/fiberglass  hybrid 
interleaf,  3/16-inch  cell  size,  7.5  pcf  target  density 

d.  Corrugated  GY-70  graphite  t45-degree  unidirectional/polysulfone, 
experimental  honeycomb  core,  3/16-inch  cell  size,  8.6  pcf  target 
density 

e.  Expanded  24  by  24  bidirectional,  T-300  graphite  (1,000  tow) 
fabric/polysulfone  matrix,  experimental  honeycomb  core,  3/16- 
inch  cell  size,  8 pcf  target  density 

These  cores  offer  great  potential  in  terms  of  improved  normal  shear 
stiffness,  a key  property  in  the  stabilization  of  composite  sandwich 
panels.  Cores  a.  through  c,  offer  a theoretical  shear  stiffness 
potential  of  approximately  two  times  that  of  standard  HFT  core  of 
similar  density:  cores  d.  and  e.  approximately  five  times  that  of 
standard  HFT  core, 

5,  Development  and  mechanical  property  characterization  of  boron-carbon 
filament  fibers  for  replacement  of  the  higher  cost  boron -tungsten 
filaments  fibers  in  use  today  (U) 

(U)  In  addition  to  the  preceding  developments,  it  is  reasonable  to  predict 
that  technology  developments  in  the  pre-1995  time  frame  will  develop  fiber- 
reinforced  thermoplastic  materials,  low-density  fiber- reinforced  foams,  and 
heat-formable  pultrusions  into  viable  material  options  for  the  designer  of 
post- 1995  airframes. 
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Group  2 - Metals 

Aluminum.  (U)  Material  technologies  which  require  additional  development  are: 

1.  Continued  technology  development  for  new  aluminum  alloys  such  as 
7475,  2048,  and  7050 

2.  Expansion  of  mechanical  property  data  base  for  new  alloys,  permitting 
early  application  to  production  airframes 

3.  Continued  development  of  the  high-strength  aluminum  process  to  establish 
design  properties  of  mill-produced  products 

4.  Development  of  tailored  composite  (dispersion-strengthened)  alloys  to 
fill  specific  requirements  such  as  temperature  and/or  mechanical 
properties 

5.  Development  of  manufacturing  methods  for  small  and  large  net  precision 
forgings  and  castings 

6.  Development  of  arc  seam  welding  as  a primary  assembly  method 


Titanium.  (U)  Areas  where  technology  development  or  improvement  should  be  con- 
tinued during  the  pre-1995  time  period  to  realize  the  full  potential  of 
titanium  applications  on  post-1995  aircraft  are: 

1.  Near-Net  diffusion  Bonding  - Diffusion  bonding  is  a process  for 
making  large,  complex  titanium  structural  parts  as  well  as  smaller 
fittings.  It  lends  itself  well  to  fabrication  of  complex  pockets, 
intricate  webs,  and  thin  sections.  Use  of  the  process  can  result 
in  substantial  cost  savings  over  competitive  machined  forgings, 
machined  plate,  or  weldments.  Cost- reduction  advancements  in  the 
process  include  improved  fly-to-buy  ratios  becasue  of  closer- to-net 
bonded  parts,  reduced  press  time,  reduced  inspection  requirements,  and 
improved  tooling. 

2.  Concurrent  Superplastic  Forming/Diffusion  Bonding  - This  is  a process 
for  producing  severely  formed  sheet  metal  details  by  using  the  unique 
high  tensile  elongation  properties  of  titanium  within  the  superplastic 
temperature  range.  The  process  is  applicable  to  titanium  sheet  metal 
parts  having  complex  combinations  of  shrink  and  stretch  flanges, 
beads,  compound  contours,  and  short-bend  radii.  Bend  radii  equal 

to  the  metal  thickness  (It)  are  readily  achievable  with  close 
tolerances  and  freedom  from  residual  stresses.  Recent  developments 
allow  use  of  integral  pad-up  areas  that  can  be  added  by  concurrent 
forming  and  diffusion  bonding  of  added  strips  or  pads,  resulting  in 
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integrally  stiffened  areas.  The  production  of  multiple  parts  in  a 
single  processing  cycle  is  a major  advantage  of  the  process. 
Significant  reduction  in  design  constraints  is  possible  due  to  the 
superplastic  forming  process  by  greatly  extending  the  forming 
capability  such  that  joints  and  fasteners  may  be  eliminated  by 
combining  two  or  more  details. 

3.  Sine  Wave  Welding  - Sine  wave  welding  is  a unique  method  for  pro- 
ducing thin-gage,  highly  efficient  titanium  and  steel  beam  components 
requiring  high  strength  and  stiffness.  It  is  particularly  attractive 
for  lightweight  spars,  ribs,  and  longerons  where  joining  caps  to 
webs  is  required.  New  advancements  in  the  process  permit  fabrication 
of  distortion- free  parts  over  12  feet  long,  using  very-low-cost 
tooling  methods.  Studies  have  been  instituted  which  should  be  con- 
tinued to  apply  the  process  to  metals  other  than  titanium. 


4.  Flow  Forming  - Integrally  stiffened  panels  can  be  produced  in 
titanium  by  flow  forming  material  into  a shaped  die  to  form  stiffeners 
and  projections  up  to  a height  of  1-1/2  to  2 inches.  Major  cost 
savings  result  from  eliminating  much  of  the  as-purchased  material 
weight  and  the  cost  of  its  subsequent  removal  by  machining.  The 

process  employs  existing  equipment  and  methods  but  extends  size  range 
from  that  applicable  to  conventional  forgings.  The  product  provides 
high  metallurgical  quality  and  can  be  subsequently  welded  or  formed 
to  produce  a great  variety  of  configurations. 

5.  Isothermal  Forging  - Isothermal  forging  of  titanium  is  being  developed 
to  provide  essentially  net  parts  which  require  a minimum  amount  of 
machining,  generally  only  on  interface  surfaces.  Parts  are  limited 

by  size  and  geometry,  should  be  symmetrical  about  the  forging  parting 
line,  and  can  be  produced  in  rate  production  quantities.  Advantages 
to  this  process  include  (1)  close  tolerances,  (2)  no  draft  on  walls 
perpendicular  to  the  parting  plane,  [3)  small  comer  and  fillet  radii, 
(4)  reduced  buy  weight,  and  (5)  reduction  in  machining  required. 

6.  Brazed  and  Welded  Sandwich  Structures  - Sandwich  structures  have 
three  discrete  structural  elements:  two  face  sheets  and  one  core. 

The  face  sheets  carry  loads  in  the  plane  of  the  sandwich  and  are 
stabilized  by  the  core.  The  core,  which  may  be  honeycomb,  corrugated, 
or  other  configurations,  carries  loads  normal  to  the  plane  of  the 
sandwich.  The  face  sheets  are  joined  to  the  core  by  brazing  or 
welding  to  make  up  the  sandwich  assemblies,  which  exhibit  the 
following  advantages: 

a.  High  strength/weight  ratio 

b.  High  stiffness/weight  ratio  (U) 
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c.  Thin-sheet  stabilization  to  high  stress  levels 

d.  Substructure  minimization 

e.  Aerodynamic  smoothness 

f.  High  sonic  fatigue  resistance 

g.  High  thermal  gradient  capability 

Metal  sandwich  can  be  made  from  any  weldable  material  and  is  actually 
a composite  of  many  elements  joined  together  at  node  interfaces  by 
welding,  brazing,  and/or  diffusion  bonding.  The  technology  gained 
during  the  B-70  program  should  be  extended  to  include  the  new  titanium 
alloys,  making  all  titanium  sandwich  structures  viable  for  post- 1995 
strategic  aircraft.  (U) 


Group  3 - Metal  Matrix 

(U)  For  metal  matrix  materials  to  realize  competitive  economics  with  other 
post- 1995  material  selection  candidates,  research  and  development  activities 
should  be  continued  in  the  following  areas: 


1.  Technology  improvement  for  infusion  casting  and  mechanical  property 
characterization  of  the  following  metal  matrix  material  combinations: 

Metal  Matrixes  Reinforcement  Filaments 


Aluminum  Boron/carbon 

Titanium  Silicon  carbide 

Beryllium  Coated  fibers 

2.  Technology  improvement  for  diffusion  bonding  of  fiber- reinforced  metal 
matrices  and  mechanical  property  characterization: 

Matrix  Material  Reinforcement  Filaments 


Aluminum  Boron 

Silicone  carbide 
Graphite 

Titanium  Tungsten 

Copper 

Other  filaments 
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3.  Development  of  improved  manufacturing  methodology  to  reduce  acquisition 
costs  of  fiber- reinforced  metal  matrix  materials.  Avenues  of  investi- 
gation should  include  tooling  cost  reduction,  filament  cost  reduction, 
development  of  welding  as  a primary  assembly  technique,  and  extension 
of  fiber  reinforcement  technology  in  large  superplastic  forming/diffu- 
sion bonding  primary  and  secondary  structure  applications.  (U) 


Materials  - Hostile  Environment  Protection 


(U)  Strategic  aircraft  of  the  post-1995  time  period  will  be  exposed  to 
external  weapons  threats  of  differing  degrees  and  magnitudes  than  for  today's 
aircraft  as  weapons  technology  develops  concurrently  with  materials  technology. 
It  is  anticipated  that  passive  protection  systems  will  be  employed  on  the 
external  surfaces  of  aircraft  structure  to  enhance  the  survivability/ 
vulnerability  (S/V)  performance  of  post-1995  strategic  aircraft.  The 
susceptibility  of  airframe  structural  materials  to  laser  weapon  and  nuclear 
weapons  effects  will  be  evaluated,  with  primary  emphasis  on  establishing  the 
direction  of  future  technology'  development  to  counter  the  effects  of  laser 
weaponry. 


Laser  Weapons 

(U)  The  mechanisms  of  target  damage  and  kill  must  be  defined,  and  the 
characteristics  of  potential  weapons  must  be  quantitatively  analyzed  to 
establish  guidelines  for  the  development  and  direction  of  passive  protection 
systems.  For  lasers,  the  spot  size,  power  density,  wave  length  of  incident 
energy,  and  time  history  of  target  acquisition  must  be  analyzed.  Quantitative 
analysis  will  be  performed  with  an  end  objective  of  confining  laser  weapons 
damage  to  the  external  surfaces  of  both  nonmetallic  and  metallic  structural 
airframe  surfaces.  Particular  emphasis  will  be  placed  on  addressing 
protection  systems  for  areas  of  the  aircraft  where  through-skin  penetration 
could  cause  loss  of  aircraft.  Such  areas  would  include  fuel  cells  and  the 
fuel  transfer  systems,  as  well  as  crew  compartments.  The  studies  performed 
would  also  address  prevention  of  ignition  after  an  assumed  bumthrough  of  the 
external  skin  and  protection  system(s). 


Nuclear  Weapons 

(U)  The  nuclear  weapons  threat  (i.e,,  blast  temperature,  blast  pressure,  and 
electromagnetic  pulse  threats  for  airframe  structural  materials)  has  been 
evaluated  and  documented  for  a current  strategic  aircraft  and,  except  for 
canopies  and  electrically  transparent  structure  (radomes,  antenna  enclosures), 
protection  systems  are  available  for  post-1995  aircraft.  These  protection 
systems  will  not  provide  protection  against  the  higher  incident  energy  levels 
associated  with  laser  weapons  predicted  for  the  post-1995  time  frame. 
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Vehicle  Signature  Reduction 

(U)  An  investigation  of  materials  and  techniques  for  infrared  signature 
reduction  is  required  for  anticipated  hot  regions  of  the  aircraft  as  well  as 
evaluating  materials  and  methodology  for  reducing  the  radar  cross  section  of 
post-1995  aircraft.  These  studies  should  springboard  from  the  methodologies 
used  on  current  strategic  aircraft  and  predictions  and  trends  in  methodology 
for  future  aircraft.  Materials  for  infrared  and  radar  cross-section  (RCS) 
signature  reduction  will  require  analyses  for  compatibility  with  the  require- 
ments of  materials  or  material  systems  selected  to  counter  the  laser  and 
nuclear  weapons  threat. 


Protective  Coatings  (Systems) 

(U)  New  protective  coatings  for  aircraft  exterior  surfaces  will  require 
development  to  meet  the  protection  requirements  of  the  post-1995  strategic 
aircraft.  These  coatings  will  be  tailored  to  enhance  resistance  to  hostile 
environment  characteristics  produced  by  nuclear  and  laser  weapons,  and  they 
may  be  designed  to  reduce  IR  signature  and  RCS  by  taking  advantage  of  the 
spectrum  windows  that  occur  in  various  organic  and  inorganic  materials. 

Current  passive  protection  system  philosophy  is  evolving  along  the  lines 
of  multilayer  organic  and  metallic  films  applied  to  the  external  surfaces  of 
airframe  structure  to  simultaneously  counter  multiple  threats.  These  protection 
systems  lend  themselves  more  readily  to  the  protection  of  advanced  composite 
structural  surfaces;  consequently,  evaluation  and  technology  developments  in 
protection  systems  for  advance  composite  structure  are  of  primary  impoi'tance. 


Structure 

(U)  Two  types  of  structure  have  been  considered  in  this  evaluation:  (1)  basic 
structure,  which  is  designed  to  serve  in  a normal  environment,  and  carry  con- 
ventional airframe  loads,  and  (2)  special-purpose  structure,  which  is  designed 
to  operate  in  a hostile  environment  such  as  nuclear  burst  or  to  serve  in  a 
unique  capacity  such  as  RCS  reduction  or  laminar  flow  control  (LFC)  in  addition 
to  reacting  flight  loads. 


State-of-the-Art  f 1977) 


Basic  Structure 

(U)  Currently,  most  primary  structures  are  metallic  constructions.  The  wings 
and  empennage  are  normally  mechanically  fastened  skin  and  stringer/rib  or 
multispar  constructions.  Aluminum  is  used  for  the  machined  skin  and  substructure 
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details,  although  titanium  sine  wave  beams  have  been  used  for  empennage  sub- 
structure in  conjunction  with  a machined  aluminum  skin  on  current  aircraft 
designs. (U) 

(U)  Fuselage  constructions  are  aluminum  skins  with  stiffeners  mechanically 
attached  to  frames.  The  aluminum  skins  are  stiffened  by  the  addition  of 
riveted,  bolted,  or  bonded  hat,  zee,  or  tee  sections.  There  is  increasing 
use  of  aluminum,  integrally  stiffened,  monolithic  components  for  primary 
fuselage  structure  that  additionally  functions  as  a fuel  barrier.  These  parts 
are  produced  out  of  plate  or  large  forgings,  using  numerically  controlled 
machine  operations.  A substantial  cost  reduction  is  accomplished  through 
minimizing  the  number  of  detail  parts  fabricated  as  well  as  the  number  of 
man-hours  required  to  apply  the  fuel  sealing  material.  The  reduction  of  the 
amount  of  fuel  sealing  material  used  results  in  an  effective  weight  reduction. 
Where  temperature  requirements  or  high  fracture  toughness  requirements  are  of 
primary  concern,  titanium  is  used  in  lieu  of  aluminum.  Examples  of  current 
titanium  applications  are  longerons,  wing  carry-throughs , diffusion-bonded  1 
frames  and  bulkheads,  and  superplastic-formed/diffusion-bonded  beams  and 
doors. 

(U)  Advance  composite  materials  are  being  used  in  empennage  primary  structure 
for  both  structural  skin  and  substructure  details  (Figure  33) . In  this 
application,  the  advance  composite  parts  are  used  in  substitution  for  an 
existing  metal  design  and  follow  the  same  construction  pattern,  Despite  this 
drawback,  weight  and  cost  savings  of  IS  to  20  percent  are  being  realized  for 
the  advance  composite  structure. 
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(U)  Figure  33.  Advanced  composites  utilization  in  empennage.  (U) 
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(U)  Primary  structure  fabricated  from  metal  matrix  materials  has  not  found 
application  on  current  aircraft  to  date.  Studies  have  shown,  however,  that 
a B-l  wing  root  rib  fabricated  from  metal  matrix  (boron/aluminum)  when  com- 
pared with  its  titanium  counterpart  demonstrated  a 33-percent  weight  savings 
and  45-percent  average  unit  cost  savings.  A wing  root  rib  from  boron/aluminum 
was  successfully  fabricated  and  tested  to  demonstrate  the  technology  under 
Air  Force  Contract  F33615-74-C-5151,  Manufacturing  Methods  for  Metal  Matrix 
Structural  Components. 

CU)  Most  secondary  airframe  structures  are  either  aluminum  skin/rib/stringer 
designs  or  aluminum  skin/aluminum  honeycomb  core  sandwich  designs.  Fiberglass 
skins  are  often  used  in  lieu  of  aluminum  skins  for  aluminum  honeycomb  core 
sandwich  designs;  occassionally,  fiberglass  CHRP)  honeycomb  core  is  used. 
Adhesive  bonding  as  a part  fabrication/assembly  method  is  used  extensively  in 
the  design  of  secondary  structure  parts, 

(U)  Advance  composite  secondary  structure  applications  on  current  aircraft 
include  weapons  bay  doors,  nacelle  inlet  ramps,  structural  mode  control  vanes, 
avionic  access  doors,  landing  gear  doors,  overwing  fairings,  and  trailing  edges 
(Figure  34) . 
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(U)  Figure  34.  Current  LAD  composite  applications.  (U) 

(U)  Superplastic-formed/diffusion-bonded  titanium  secondary  structures  on 
current  aircraft  (Figure  35)  include  engine  access  doors,  auxiliary  power 
unit  doors,  and  nacelle  panel  structure. 
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(U)  Figure  35.  B-l  production  usage  (SPF  and  SPF/DB) . (U) 
Special-Purpose  Structure 

(U)  The  following  types  of  special-purpose  structure  have  been  identified 
for  application  to  strategic  aircraft: 

1,  Laminar  flow  control  surfaces  for  wing,  fuselage,  and  empennage 

2,  Boundary  layer  control  for  engine  air  induction  systems 

3,  Nuclear  heat  pulse  - resistance  structure 

4,  Radar  absorbant  material 

5,  Laser  - Resistant  structure 

6,  Infrared  signature  reduction  structures 

(U)  A preceding  paragraph,  "Stealth,"  addresses  the  current  and  projected  status 
of  RAM  and  IR  signature  reduction  structure.  The  limited  state  of  development 
of  these  structures  is  outlined  in  the  following. 


Laminar  Flow  Control  (LFC1  Surfaces.  (U)  The  primary  interest  in  LFC  has  been 
in  the  reduction  in  drag.  The  use  of  LFC  to  reduce  drag  was  not  extensively 
pursued  until  1949,  when  Dr.  W.  Phenninger  began  his  work  at  Northrop  Aircraft 
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Company.  This  work,  sponsored  by  NACA,  led  to  the  Air  Force  program  in  which 
Northrop  designed,  built,  and  tested  the  X-21  airplane,  which  incorporated 
a full  LFC  wing  (ref  23) . Fabrication  and  flight  experience  with  the  X-21A 
wing  demonstrated  chat  the  LFC  feature  can  be  integrated  into  an  airframe 
structure  with  less  than  8-percent  weight  penalty.  The  average  weight  per 
square  foot  of  upper  and  lower  covers  and  substructure  was  9.2  pounds,  a 
reasonable  value  for  its  class  of  airplane.  The  weights  of  removable  valves, 
duct  connections,  and  pumping  equipment  were  not  included.  (U) 

(U)  The  Northrop  design  employs  an  outer  skin  0.5  to  0.63  mm  (0.020  to  0.025 
inch)  aluminum  alloy  bonded  to  an  aluminum  honeycomb  sandwich  panel.  Slots, 
0.152  mm  (0,006  inch)  in  width,  are  cut  in  the  outer  skin  in  a spanwise 
direction.  These  slots  connect  to  4.8  mm  (0.188  inch)  plenums,  premachined 
in  the  adhesive  line,  which  is  a minimum  of  0.5  mm  (0.020  inch)  thick.  Holes 
drilled  through  the  honeycomb  panel  form  a passage  to  channels  bonded  to  the 
inner  surface  of  the  panel,  These  channels  distribute  boundary  layer  air 
to  cross  ducts  which  transfer  air  to  the  pumps, 

(U)  This  program  has  been  the  most  significant  full-scale  application  of  LFC 
concepts  to  an  airplane  and  probably  represents  the  limit  of  current  technol- 
ogy. LtC  J.  V.  Kitowski  summarized  the  Air  Force’s  position  on  the  technical 
status  as  follows: 

"Large  areas  of  laminar  flow  were  obtained  at  cruise  conditions. 

Full  chord  laminar  flow  at  high  Reynolds  number  for  the  low 
altitude  case  was  obtained.  The  consequences  of  wing  sweep 
were  detemined,  and  the  resulting  problem  of  leading  edge 
contamination  was  solved.  Design  criteria  were  developed  for 
future  laminar  flow  aircraft  applications,  LFC  operation  in  a 
real  environment  was  documented.  Areas  of  limited  knowledge 
and  achievement  may  also  be  identified.  The  operational 
practicality  and  suitability  were  not  demonstrated.  Consistency 
of  laminar  flow  at  high  Reynolds  number  was  not  achieved. 

Manufacturing  cost  for  a production  version  of  a laminar  flow 
aircraft  was  not  fully  determined  in  this  study." 


Boundary  Layer  Control  (BLC).  (U)  BLC  has  been  used  extensively  during  the 
last  2 0 years'  £or  engine  air  induction  systems  at  Rockwell.  The  F-107,  XB-70, 
and  B-l  all  made  extensive  use  of  BLC  to  minimize  flow  separation  at  the  inlet 
boundaries  and  to  control  the  airflow  in  the  inlet.  The  structure  used  to 
provide  the  BLC  surface  consists  of  porous  skin,  stabilized  by  either  honeycomb 
sandwich  or  stiffeners.  The  porous  panels  and  duct  walls  serve  as  primary 
load-carrying  structure  with  plenum  chambers,  inboard  of  the  BLC  structure, 
to  collect  and  distribute  the  boundary  layer  air. 
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(U)  The  current  production  method  for  the  honeycomb  panels  is  to  bond  or 
braze  the  face  sheets  to  the  core,  and  then  drill  small- diameter  holes  (0.030- 
to  0.060-inch-diameter)  in  the  mold  line  surface  and  larger  holes  (0.2S-  to 
0.375-inch-diameter)  in  the  back  side.  For  porous,  stiffened  skin  construc- 
tion, the  panels  are  first  milled  from  thick  plate  to  produce  integral  stiffeners, 
and  then  holes  are  drilled  to  the  proper  diameter  between  stiffeners.  Although 
both  methods  are  production  processes  and  produce  efficient  structures,  the 
production  costs  of  fabricating  the  basic  panels  and  drilling  the  holes  is 
high. 

(U)  A promising  future  BLC  panel  production  technique  is  becoming  feasible 
through  the  use  of  SPF/DB  titanium  technology.  In  this  technique,  the  required 
BLC  ducting  and  slots  are  concurrently  formed  with  the  skin,  reducing  weight 
and  cost  penalties  associated  with  BLC. 


Nuclear  Heat -Pulse  Resistant  Structure.  (U)  Considerable  progress  has  been 
made  on  the  X-15,  XB-70,  and  B-l  programs  to  develop  structures  to  resist 
extremely  high,  short-time  temperature  exposure. 

(U)  Recent  tests  conducted  on  titanium  truss  core  sandwich  have  demonstrated 
its  survivability  under  simulated  nuclear  heat  pulse.  The  panels  were  1/4-inch 
thick  sine  wave  truss  core  fabricated  from  6A1-4V  titanium.  The  core  was 
0.010- inch  thick  (starting  stock),  the  OML  face  sheet  was  0.0 14- inch  thick, 
while  the  IML  face  sheet  was  0.008- inch  thick.  Prior  to  testing,  the  parts 
were  painted  on  the  center  mold  line  only  with  the  B-l  paint  system;  i.e.,  one 
coat  MIL-P- 23377  epoxy  primer  and  two  coats  of  MIL-C-83286  aliphatic  polyure- 
thane topcoat.  Each  panel  was  subjected  to  10  exposures  to  simulated  nuclear 
flash.  The  panel  was  allowed  to  cool  to  130°  F prior  to  the  next  flash.  Sur- 
face temperatures  exceeded  2,400°  F after  each  flash.  The  paint  charred  on  both 
samples,  and  there  was  a slight  amount  of  surface  buckling  but  no  structural 
failure.  No  cracks  or  damage  to  the  bonds,  face  sheet,  or  core  trusses  could 
be  found  by  subsequent  metallurgical  examinations.  Preliminary  thermodynamic 
analyses  show  that  with  a 500°  F service  temperature  white  paint  applied  to 
the  external  surface  of  the  titanium  truss  core  shell,  the  outer  face  sheet 
maximum  temperature  will  be  about  800°  F. 


Laser-Resistant  Structures.  (U)  The  laser  threat  as  a viable  weapon  is  fairly 
new.  As  a result,  the  development  of  laser-resistant  structures  is  just 
beginning.  Although  the  results  of  the  new  development  programs  to  resist 
the  laser  threat  are  encouraging,  the  technology  is  too  new  to  be  considered 
state-of-the-art, 
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Projected  Status  ■ 199S  and  Beyond 

(U)  The  advent  of  advanced  metallic  and  composite  fabrication  techniques  for 
the  structural  design  of  post-1995  aircraft  will  open  new  horizons  in 
structural  efficiency  and  fabrication  simplicity. 


Basic  Structure 

(U)  Primary  structure  design/fabrication  technology  should  have  advanced  tc 
the  point  where  large-scale  monolithic  structures  of  titanium,  aluminum,  steel, 
or  metal  matrix  materials  can  be  used.  The  designer  of  post-1995  aircraft  will 
bo  able  to  use  welding  as  a primary  assembly  method  to  sharply  reduce  the 
number  of  detail  parts  required.  Consequently,  post-1995  structure  will 
have  a minimum  of  joints,  a minimum  of  fasteners  (skin/substructure  penetra- 
tions), improved  static/fatigue  strengths,  sharply  reduced  fuel  containment 
problems,  and  improved  structural  efficiency.  The  designer  will  have  available 
new  and  improved  alloys  in  aluminum,  steel,  and  titanium,  as  well  as  new  and 
improved  metal  matrix  materials  that,  when  coupled  with  new  manufacturing 
technologies,  will  permit  the  use  of  large  integrally  stiffened  skins;  i.e, , 
built-in  spars  or  conventional  stiffeners,  large  superplastic-formed/diffusion- 
bonded  titanium  skins,  bulkheads  and  integral  skin  and  bulkheads;  metal  matrix 
reinforced  titanium  and  aluminum  structural  elements;  superplastic-formed 
aluminum  frames  and  integrally  stiffened  skins;  and  large  precision  net  forged 
or  cast  aluminum  parts. 

(U)  With  advanced  composite  materials,  the  designer  will  be  able  to  use 
large-scale  integral  structure  concepts  for  the  wing  or  fuselage.  The  integral 
structure  wing,  for  example,  would  be  fabricated  by  laying  up  and  curing 
simultaneously  one  skin  and  all  substructure  details,  thus  eliminating  all 
penetration  (fasteners)  in  the  skin  and  substructure.  The  other  skin  will  be 
attached  by  either  fasteners,  adhesive  bonding,  or  a combination  of  both. 

(U)  Selected  structure  technologies  that  are  being  developed  independently 
show  promise  of  additional  cost  and/or  weight  reduction  when  combined  into 
hybi'id  structure.  Some  of  the  promising  combinations  are: 

1.  Metal 'covers  adhesively  and/or  mechanically  attached  to  integral 
advanced  composite  substructure 

2.  Composite  covers  adhesively  and/or  mechanically  attached  to  superplastic- 
foimed/diffusion-bonded  titanium  substructure 

3.  Metal  matrix  hybrid  structure 

(U)  Secondary  sandwich  structure  and  integrally  stiffened  skins  for  leading 
edges,  trailing  edges,  rudders,  and  fairings  will  make  extensive  use  of 
advanced  composite  skins  coupled  with  advance  composite  substructure.  Typical 
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core  and  stiffened  panel  constructions  that  will,  be  used  for  future  aircraft 
applications  are  shown  in  Figure  36.  Where  temperature  or  high-strength 
requirements  dictate  the  use  of  metallic  secondary  structures,  the  post-1995 
aircraft  designer  will  superplastic-foimed/diffusion-bonded  titanium 
structures.  (U) 
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(U)  Figure  36.  Typical  core  and  stiffened  panel  constructions.  (U) 


Advanced  Composite  Technology.  (U)  The  unique  advantage  of  advanced  composites 
Tin  aircraft  design  results  from  certain  inherent  characteristics  of  this  class 
of  material: 

1,  Very  high  strength/density  ratio 

2,  Very  high  modulus/density  ratio 

3.  Tailorable  amisotropy 

4.  Fabrication  by  layup 

Both  the  high  specific  strength  and  the  stiffness  make  possible  a significant 
degree  of  weight  saving,  but  the  highly  orthotropic  nature  of  composite  lami- 
nate and  the  ability  to  fabricate  large  segments  of  an  airframe  with  oriented 
laminates  magnify  the  weight  savings, 

(U)  Aeroelastic  tailoring  (AT)  consists  of  the  systematic  arrangement  of 
.omponent  geometries  and  composite  ply  orientations  for  improvement  of  the 
aerodynamic  properties  of  wings,  the  enhancement  of  aeroelastic  effectiveness 
of  the  airframe,  and  compliance  or  reduction  of  weight  and  mass  distribution, 
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(U)  The  graphite/epoxy  composites  that  will  be  used  in  the  wing/fuselage  are 
ideally  suited  for  AT,  lending  themselves  to  tailoring  in  at  least  two  ways: 

1.  Tailored  local  angle  of  attack  (Figure  37) 

2.  Tailored  camber 
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(U)  Figure  37,  HiMAT  aeroelastic  tailoring  accomplishment.  (U) 


Both  methods  increase  lift  for  a given  drag,  or  conversely,  decrease  drag  for 
a given  lift.  Thus,  AT  payoff  lies  in  affording  a reduced  engine  size,  which, 
in  turn,  decreases  the  structural  weight,  resulting  in  increased  maneuver- 
ability and  handling.  These  combined  increments  in  system  effectiveness, 
which  were  directly  derived  from  judicious  tailoring,  will  be  translated  into 
a significant  cost-effective  improvement  of  the  weapon  system. 

(U)  Preliminary  analytical  studies  show  that  aeroelastic  tailoring  of  advanced 
composites  can  also  be  used  to  overcome  aeroelastic  divergence  in  forward- 
swept  wings  with  little  or  no  weight  penalty,  Recent  aerodynamic  studies 
indicate  that  aircraft  with  forward-swept  wings  have  benefits  in  high  speeds 
such  as  drag  reduction,  minimum  aerodynamic  center  shift  in  the  transonic 
regime,  and  improved  stability.  However,  the  weight  penalties  incurred  to 
overcome  aeroelastic  divergence  have  limited  forward-swept  wing  developments 
to  very  small  forward  sweep  angles.  This  aeroelastic  phenomena  occurs  at 
speeds  where  the  aerodynamic  loading  exceeds  the  elastic  restoring  forces  of 
the  wing  structure,  thus  causing  an  increase  in  angle  of  attack,  which,  in 
turn,  causes  an  increase  in  the  aerodynamic  loading,  This  instability  results 
in  catastrophic  loss  of  the  wing. 
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(U)  Since  the  interaction  between  aerodynamic  loading  and  aeroelastic 
tailoring  is  crucial  to  the  advancement  of  forward-swept  wing  technology,  the 
Air  Force  is  funding  programs  to  confirm  the  analytical  predictions  by  wind 
tunnel  testing  of  subscale  models.  Future  Air  Force  plans  include  full-scale 
flight  demonstration  of  this  technology,  which  will  allow  it  to  be  considered 
state-of-the-art  prior  to  1995. 

(U)  In  addition  to  weight  savings  and  aeroelastic  tailoring  advantages,  these 
materials  present  the  opportunity  for  reducing  manufacturing  costs  and  life 
cycle  costs.  Owing  to  the  processability  and  moldability  of  advanced 
composite  materials,  large  major  assemblies,  such  as  the  intermediate  fuselage, 
vertical  stabilizer  torque  box  assemblies,  and  wing  torque  box  assemblies,  may 
be  molded  and  cured  in  one  processing  operation.  This  is  accomplished  by 
laying  up  prepreg  tape,  cutting  to  net  mold  size,  forming  and  staging  integral 
subassemblies,  and  placing  the  subassemblies  into  a final  assembly  female  curing 
fixture.  The  final  assembly  is  then  cured  in  one  operation  to  yield  a finished 
net-size  integral  structure  (Figures  38  and  39). 
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(U)  Figure  38.  Integral  structure.  (U) 


(U)  Figure  39.  Multispar  cocured  integral  structure.  (U) 
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(U)  The  wing  torque  box  is  especially  suited  for  advanced  composite  integral 
structure.  The  lower  cover,  spars,  and  ribs  would  be  cocured  into  one  large 
assembly,  with  the  upper  cover  either  bolted  or  bonded  in  place  (Figure  40) . 
The  integral  structure  lends  itself  well  to  integral  fuel  tanks,  virtually 
eliminating  fuel  leakage  problems.  Access  holes  into  the  wing  should  be 
through  the  front  and  rear  spars,  with  limited  access  through  the  upper  cover. 


OR  It?  INTEGRAL  STIFFENER  - FRAME  ■ SKIN  CONCEPT 
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(U)  Figure  40.  Integral  structure  concept.  (U) 


(U)  The  forward  fuselage  section  is  suited  to  the  application  of  large  con- 
toured advanced  composite  skins  fabricated  with  cocured  integral  stiffeners 
and  frames.  The  integrally  stiffened  skins  would  then  be  attached  by  conven- 
tional methods  to  precision  net  cast  aluminum  bulkhead  or  SPF/DB  titanium 
bulkheads,  depending  on  load/temperature  requirements. 

(U)  The  rudders,  trailing  edges,  and  contour  surfaces  (fairings)  of  the 
post-1995  strategic  aircraft  lend  themselves  well  to  advance  composite  skin 
sandwich  structure.  The  structure  core  material  would  be  advance  composite  or 
reinforced  low-density  foam  to  reduce  or  eliminate  the  sandwich  structure 
core  corrosion  problems  of  current  aircraft. 


Titanium  Technology.  ( '1  Improved  welding  methods,  such  as  plasma  arc  welding, 
coupled  with  superplasti.  forming  and  diffusion  bonding  technology,  offer  a 
manufacturing  scheme  for  production  of  metal  aircraft  structures.  Titanium 
structures  will  be  molded  to  configuration  and  integrally  bonded  in  one 
process  that  will  replace  today's  large  subassemblies  and  myraid  detail/ 
fastener  problems,  These  integral  metal  structures  may  then  be  joined  by 
improved  automatic  welding  methods  into  major  assemblies.  Weight  and  cost 
reductions  will  be  gained  by  reducing  the  number  of  details  in  the  integral 
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structure  and  by  eliminating  fasteners  and  seam  overlaps  on  major  assemblies, 
Elimination  of  environmental  and  fuel  sealing  problems  will  further  reduce 
manufacturing  and  maintenance  costs.  ( U ) 

00  Structure  on  the  post-1995  aircraft  where  superplastic-formed/diffusion- 
bonded  (SPF/DB)  titanium  applications  appear  extremely  attractive  are  the 
aft  fuselage  section,  leading  edges,  canard,  inlet  duct  (nacelle)  structure, 
and  highly  loaded  doors;  i.e.,  landing  gear,  engine  access,  and  weapons  bay 
doors.  The  aft  fuselage  strength/ temperature  requirements  due  to  anticipated 
engine  placement  make  this  structure  viable  for  SPF/DB  titanium  application. 
Full  complete  stiffened  skins,  such  as  portrayed  in  Figure  41,  will  be 
superplastic  formed  and  diffusion  bonded  in  one  operation.  Also,  full  fuselage 
frames  and  bulkheads  (Figure  42)  with  thin  webs  will  be  formed  by  the  same 
process.  Assembly  of  stiffened  skins  and  frames  will  be  accomplished  by 
advanced  welding  methods.  Compound  contoured  structure  such  as  leading  edges 
in  high  FOD  areas  are  natural  candidates  for  SPF/DB  titanium  applications  and 
will  be  considered  for  post-1995  strategic  aircraft. 


(U)  Figure  41.  Fuselage-type  structure  using  SPF/DB 
with  integral  formed  frames.  (U) 
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Steel  Technology.  (U)  Many  structural  parts  in  high-load  areas  of  post-1995 
strategic  aircraft  will  use  high-strength/low-cost  steel  rather  than  titanium 
or  aluminum.  This  predicted  use  is  based  on  current  ongoing  development 
technology  programs  for  AF1410  steel  (14Co-10Ni) . Studies  show  that  where  its 
strength  can  be  used  efficiently,  cost  savings  of  30  percent  and  weight  savings 
of  10  percent  are  achievable  when  compared  with  titanium  in  the  same  applica- 
tion, Where  volume  is  critical,  reduction  in  part  si2e  is  also  possible. 

An  attractive  feature  of  this  steel  alloy  is  that  it  can  be  welded  without 
serious  strength  penalty  or  special  vacuum  provisions,  making  it  feasible  for 
large  assemblies  where  welding  is  the  primary  assembly  method.  (U) 

(U)  Areas  of  the  post- 1995  strategic  aircraft  which  could  effectively  use 
this  steel  alloy  are: 

1.  Landing  gear 

2.  Wing  pivots 

3.  Wing  carry- through 

4.  Empennage  root  attachments 

5.  Weapons  hard  points 

6.  Wing  root  ribs 

7.  Empennage  spindle  fittings 

Applications  such  as  the  landing  gear  structure  and  spindle  fittings  are 
especially  attractive  due  to  the  forgeability  and  high  fracture  toughness 
qualities  of  this  steel  alloy. 


Aluminum  Technology.  (U)  Fuselage  structural  components  that  react  concentra- 
ted loads,  such  as  bulkheads  that  provide  landing  gear  or  stores  support, 
appear  attractive  for  large,  net.,  precision  cast  details.  Fuselage  structure 
that  forms  the  boundary  of  pressurized  compartments  such  as  crew  compartment, 
avionics  compartments,  and  fuel  tanks  could  be  made  of  integrally  stiffened 
superplastic- formed  skins  assembled  into  panel  assemblies  and  joined  to  adja- 
cent structure  by  adhesive  bonding,  weld  bonding,  or  with  mechanical  fasteners. 
Aluminum  fittings  that  are  sized  by  fatigue,  crack  growth,  fracture  toughness, 
and/or  stress  corrosion  requirements  will  be  made  out  of  dispersion- 
strengthened  aluminum  products.  Development  of  the  arc  seam  welding  process 
for  joining  thin-gage  aluminum  assemblies  will  extent  the  application  of 
aluminum  to  areas  where  titanium  is  presently  used. 
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Metal  Matrix  Technology.  (U)  The  anticipated  operating  environment  of  the 
post- 1995  strategic  aircraft  (bomber)  is  not  sufficiently  stringent  in  terms 
of  operating  temperature  to  warrant  the  extensive  use  of  metal  matrix  materi- 
als. Use  of  these  materials  should  remain  an  open  option  until  aircraft 
temperature  and  loadings  are  better  defined  and  future  cost/weight/ 
performance  trades  for  the  vehicle  are  completed. 

Potential  metal  matrix  options  for  the  aircraft  could  include: 

1.  Landing  gear  - B/Al  tube  structure  with  integral  wear  liner 

2.  Longerons  - SiC/AI,  diffusion-bonded  or  cast 

3.  Engine  hot-box  structure  - beryllium/titanium  extrusions 

4.  Ramp  structure  - diffusion-bonded  B/Ti  or  SiC/Ti 

5.  Forward  and  intermediate  fuselage  - SiC/AI  castings  fuselage  bulkheads 

6.  Canard  surfaces  - diffusion-bonded  B/Al  or  SiC/AI 


Special-Purpose  Structure 

Laminar  Flow  Control  (LFC)  Structure.  (U)  The  development  of  the  SPF/DM  titan- 
ium process  has  presented  new  possibilities  for  LFC.  Structural  arrangements, 
similar  to  those  shown  in  Figure  44,  which  have  been  produced  on  a laboratory 
scale,  will  be  scaled  up  to  full-scale  production  aircraft  by  1995.  These 
concepts  offer  highly  efficient  structures  which  can  perform  the  LFC  function 
with  virtually  no  weight  or  cost,  penalty  over  non-LFC  panels. 
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Boundary  Layer  Control  Structure.  (U)  The  major  advance  in  BLC  structures  will 
be  in” improved  methods  of  producing  existing  concepts.  Using  preperforated 
or  slotted  skins  in  the  SPF/DB  cycle,  BLC  titanium  panels  will  be  fabricated 
at  significantly  lower  cost  than  at  present.  For  applications  where  integrally 
stiffened  aluminum  BLC  panels  are  desired,  new  drilling  methods  will  sub- 
stantially reduce  the  manufacturing  costs,  Both  electron  beam  and  laser 
drilling,  which  are  rapidly  approaching  production  capabilities,  will  be  fully 
matured  by  1995. 


Nuclear  Heat -Pulse  Resistant  Structures..  (U)  The  only  types  of  structure  for 
which  hardening  methods  against  the  nuclear  heat  pulse  do  not  presently  exist 
are  transparencies  and  radomes.  However,  replacement  of  existing  organic 
transparent  materials  with  glass,  coupled  with  predicted  improvements  in 
interlayers,  should  provide  adequate  windshields  and  canopies  in  the  1995 
period.  For  radomes,  two  solutions  appear  promising.  Ceramic  radomes, 
already  produced  experimentally,  offer  an  immediate  solution  which  requires 
only  scale-up  to  production.  A substantial  weight  penalty  would  result, 
however.  The  emerging  development  of  multilayer,  reactive  array  radomes  offers 
a good  possibility  of  providing  a nuclear  heat -pulse-resistant  structure. 


Laggr-Reslstant  Structures.  (U)  The  rapid  progress  in  laser  weapons  has 
spurred  a number  of  programs  to  develop  laser-hardened  structure.  Programs 
recently  completed  show  that  metallic  skins  can  be  hardened  in  two  ways: 

1,  Reflective  Outer  Surface  - On  aluminum  skins,  this  can  be  accomplished 
by  polishing  the  outer  surface.  Titanium  inquires  a coating  of 
polished  aluminum  or  copper  to  provide  the  required  reflectance,  The 
exterior  finish  can  be  applied  to  the  polished  surface  without 
affecting  its  laser  resistance, 

2.  Heavy-Gage  Outer  Skins  - Skin  thickness  in  aluminum  or  titanium  in 
excess  of  0.25  inch  will  serve  as  a heat  sink  to  prevent  penetration 
by  most  laser  weapons, 

(U)  Advanced  composites  present  more  of  a problem  to  harden.  Studies  underway 
indicate  that  coatings  can  provide  some  protection,  but  heavy-gage  material, 
appears  to  be  the  best  solution.  For  transparencies,  new  materials  have  been 
developed  which  will  defeat  the  laser  threat,  With  sufficient  enphasis,  these 
materials  could  be  available  on  a production  basis  by  1995. 


Structural/Manufacturing  Technology 

(U)  The  primary  structural  portions  of  the  aircraft  (i.e.,  wing,  empennage, 
and  fuselage  sections)  will  be  designed  and  fabricated  using  an  integral 
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structure  concept.  A tentative/generalized  post-1995  strategic  aircraft  using 
innovative  integral  structure  concepts  and  post-1995  materials  is  portrayed  in 
Figure  45.  (U) 


| 1 AOVANCJD  COMADIITt  IKIN/ALUAINUH  and  titanium  suiitauctum 

UBI  ADVANCED  composite  INTICAAI.  STAllCTuAE 
MSB  JUAEAPLASriC-FOAMEO/OIFFUSION-IONDID  TITANTUM 


(U) Figure  45.  Integral  structure  concept  use  in  advanced  strategic  aircraft,  (U) 


(U)  The  post-1995  strategic  aircraft  will  be  assembled  by  Jnmwativ  methods 
to  sharply  reduce  manufacturing  costs  as  compared  with  the  cypiventiooai  assembly 
methods  of  the  current  period,  Skin  and  stringer  mechanically  fastened 
structure  will  be  supplanted  by  integral  structure  concepts  that  reduce  or 
eliminate  many  of  the  problems  inherent  in  current  design/assembly  methodology; 
specifically,  the  excessive  number  of  mechanical  joints,  drilled  holes,  fasteners, 
and  fuel  tank  (wet  structure)  sealing  problems  that  drive  up  the  cost  of  current 
aircraft. 

(U)  Structure  fabricated  hy  the  integral  structure  concept,  whether  molded/ 
bonded  advance  composite  integral  structure  or  SPF/DB  titanium  structure,  offers 
the  promise  of  increased  reliability  coupled  with  lower  field  maintainability 
problems  while  simultaneously  enhancing  performance  and  reducing  acquisition 
costs, 

(LO  Developing  welding  methodology  as  a primary  assembly  technology  for  large 
monolithic  aluminum  and  titanium  structures  will  open  rm  vistas  in  aircraft 
design  and  construction,  and  will  permit  the  integral  structure  concepts  and 
payoffs  to  be  extended  to  major  primary  structure,  such  ti  aft  fuselage 
sections  for  titanium  or  forward  fuselage  sections  for  aluminum, 
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(U)  Application  of  SPF/DB  titanium  technology  or  metal  matrix  technology  to 
secondary  structure  such  as  leading  edges  and  doors  will  minimize  damage  due  to 
ground  handling  and  BOD,  while  being  cost/weight  competitive  with  the  conven- 
tional aluminum  structure  of  today's  aircraft.  A surwary  of  manufacturing 
technology  anticipated  for  the  post- 1995  time  frame  is  presented  in  Table  8, 
for  advance  composites,  and  in  Table  9,  for  metals. 


Computer-Aided  Design  and  Computer-Aided  Manufacturing  fCAD-CAM').  (U)  With  the 
extension  of  present  computing  equipment  and  capabilities  to  the  1995  time 
frame,  based  on  advances  made  in  the  past  20  years,  it  is  logical  to  expect 
larger  and  more  complex  systems  to  produce  design  data  at  a fraction  of 
today's  cost.  Reduced  design  time  based  on  individual  designer  terminals  will 
be  expected.  Drawing  development  will  use  interacting  graphical  techniques 
to  determine  optimum  designs  for  all  functional  systems.  The  data  base  thus 
obtained  will  be  used  in  producing  the  parts  through  totally  numerically 
controlled  machining  and  fabrication  equipment. 


Improved  Technology  Payoffs.  (U)  Improved  technology  will  show  payoffs  in  the 
lom' of  decreased  aircraft  weight  and  cost  in  the  1995  era  due  to  design  inno- 
vation and  improved  manufacturing  technology.  One  key  to  achieving  sharply 
reduced  costs  will  be  the  large-scale  use  of  integral  primary  structure  for  the 
wing,  fuselage,  an'  empennage.  The  benefits  that  will  accrue  from  the  use  of 
primary  integral  s -ucture  are  shown  in  Figure  46. 


(U)  Figure  46.  Integral  primary  structure  , ogram  benefits.  (U) 
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(U)  TABLE  8.  199S  TECHNOLOGY  - MANUFACTURING  TECHNIQUES  FOR 

ADVANCED  COMPOSITES  (U) 


Layup  of  laminates  directly  on  curing  molds  by  use  of  high-speed 
automated  tape  laying  machines. 

Molding  and  curing  of  large  integral  structural  assemblies  in  one 
operation. 

Automatic  flow  detection  and  prevention  in  automated  curing 
processors. 

Elimination  of  holes  and  fasteners  in  joints  by  bonding  with  new  high- 
strength,  high- temperature  adhesives. 

Replacement  of  aluminum  honeycomb  cores  by  high-strength,  high- 
temperature  foams  simultaneously  molded,  cured,  and  internally  rein- 
forced with  high-strength  dindritic  graphite  forms  or  nonhoneycomb 
advance  composite  core  forms. 

• 

3-D  fabricating  machines  that  produce  laminated  structures  with  desired 
triaxial  loadcarrying  capability. 

Envirormental  protective  coatings  of  metallic  films  deposited  on 
exterior  surfaces . 

High-speed  laser  cutting  of  tape  and  laminate  layups, 


i 
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(U)  TABLE  9.  1995  TECHNOLOGY  - MANUFACTURING  TECHNIQUES 

FOR  1995  AIRCRAFT  (U) 


Automated  machining  and  drilling  coupled  to  CAD-CAM  systems. 

Larger  precision  net  castings  and  forgings. 

Superplastic  forming  and  diffusion  bonding  of  integral  structures  in 
one  operation. 

Reduction  of  fasteners  by  use  of  automated  welding  machines  for  Join- 
ing large  assemblies. 

Use  of  metal  matrix  for  reinforced  composite  structures. 

Use  of  welding  as  a primary  assembly  method. 

^^""unclassified 
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(U)  Cost  and  weight  trade  studies  for  application  of  titanium  DB  and  SPF/DB 
structural  applications  to  an  advanced  aircraft  on  a replacement  basis  (no 
resizing  of  existing  designed  structure)  indicate  the  following  payoffs  could 
be  achieved: 

1.  23%  cost  savings  - integral  structure  forward  fuselage 

2.  63%  cost  savings  - integral  structure  aft  fuselage 

3.  51%  cost  savings  - integral  structure  wing  (expanded  sandwich  - truss 

core  design) 

4.  10%  weight  savings  - airframe  structural  weight 

5.  5.4%  useful  load  increase 

6.  2,9%  weight  savings  - takeoff  gross  vehicle  weight 

(U)  Based  on  NASA-CR- 145111,  "Evaluation  of  Low  Cost  Titanium  Structure  for 
an  Advanced  Aircraft,"  it  is  reasonable  to  predict  that  integral  structure 
titanium  applications  to  a post- 1995  strategic  aircraft  initiating  with  the 
initial  design  phase  should  reduce  vehicle  cost  by  50  percent  and  weight  by 
30  percent. 

(U)  Advanced  composite  integral  primary  structure  trade  studies  (NA-77-264L, 
"Technical  Proposal  for  Wing/Fuselage  Critical  Component  Development  Program 
Preliminary  Structural  Design")  indicate  that  if  advanced  composite  integral 
structure  was  introduced  in  the  initial  design  phase,  cost  savings  of  33  percent 
could  be  realized  against  conventional  metal  structure,  with  a'  corresponding 
predicted  weight  savings  of  33  percent, 

(U)  Preliminary  trade  studies,  comparing  a theoretical  design  using  silicon 
carbide,  continuous,  filament-reinforced  cast  aluminum  matrix  structure  with 
conventional  production  sheet  metal  construction,  indicate  cost  reduction 
approaching  70  percent,  for  production  quantities  of  200  units,  with  a corres- 
ponding weight  reduction  of  28  percent,  A comparison  of  man-hours  of  effort 
per  pound  of  structure  indicates  this  type  of  construction  shows  remarkable 
potential  for  furthering  the  com  savings  already  demonstrated  by  epoxy  matrix 
composites. 

(U)  Though  not  as  dramatic,  a substantial  weight  savings  of  some  30  percent 
or  more  can  be  shown  by  DB  sheet  monocoque  structure  employing  advanced 
welding  and  DB  techniques  ti  eliminate  many  of  the  fasteners  and  their 
related  installation  operations.  This  type  of  construction  has  been  traded  in 
fuselage  and  wing  structure  to  show  a concurrent  25-percent  per  unit,  or 
greater,  production  cost  savings. 
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Reliabilitv/MaintainabHity.  (U)  Tlie  post -1995  strategic  aircraft  by  virtue  of 
the  incorporation  of  advanced  welding  techniques  and  integral  structure  concepts 
for  fuel  containing  areas  of  the  structure  will  have  enhanced  maintainability 
characteristics  by  elimination/reduction  of  fasteners,  joints,  and  fuel  leakage 
problems, 

(U)  Application  of  SPF/DB  titanium  structure  to  leading  edges  and  doors  exposed 
to  FOD  will  result  in  minimized  field  maintenance  activity  in  contrast  to 
today’s  aircraft.  Development  of  advanced  composite  core  details  skin  sand- 
wich structure  will  eliminate  core  corrosion  problems  currently  prevalent  with 
aluminum,  such  as  honeycomb  structure. 

(U)  In  general,  it  can  be  predicted  that  the  application  of  the  innovative 
manufacturing  technologies  discussed  in  the  preceding  paragraphs  will  bring 
about  a significant  improvement  in  the  maintainability  characteristics  of 
post-1995  strategic  aircraft. 

(U)  The  long-term  service  life  of  post-1995  aircraft  will  place  additional 
emphasis  on  the  reliability  of  materials  selected  for  airframe  structure. 

Based  on  current  technology  development  programs  and  development  programs 
supporting  new  materials,  damage  tolerance,  crack  growth,  flaw  growth,  and 
fatigue  characteristics,  enhanced  by  characterization  in  environments  which 
simulate  the  operational  envelope,  should  be  sufficiently  defined  to  permit 
the  aircraft  designer  to  freely  choose  from  among  the  materials  discussed  in 
the  paragraphs  on  materials  and  materials  technology. 

(U)  Repair  technology  for  post- 1995  aircraft  is  dependent  upon  keeping  pace 
with  innovations  in  material  technology.  Recent  history  suggests  that  this 
normally  does  not  occur,  and  often  the  material  combinations  with  most 
significant  performance/cost  benefits  are  delayed  in  application  to  production 
aircraft,  The  material  selections  developed  for  post-1995  aircraft  as  a 
result  of  this  study  should  have  corresponding  technology  developments  in 
repairability  during  the  pro-1995  time  period, 

(U)  Some  configuration  features  incorporated  in  the  ISADS  study  to  improve 
reliability/maintainability  are  shown  in  Figure  47, 

(V)  The  projected  availability  dates  for  these  structures  and  materials 
technologies  are  summarized  as  Figure  48. 


UNCLASSIFIED 

81 


I 


UNCLASSIFIED 


• MODULAR  STRUCTURE/SUBSYSTEM  FEATURES 

• QUICK  ACCESS  FOR  COMPONENT  REPLACEMENT 

• LEFT/RIGHT  INTERCHANGEABLE  ITEMS 

- CONTROL  SURFACES 

- LANDING  GEAR 

- TRANSPARENCIES 

- ENGINES 

- WING  * CANARD  BOXES 

• RAPID  DAMAGE  REPAIR  FEATURES 

- QUICK  DISCONNECT  MODULES 
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(UJ  Figure  47.  Reliability/maintainability.  (U) 
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(U)  Figure  48.  Structures/materials  technology  projections.  (U) 
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Section  III 


CONCEPT  INTEGRATION  AND  TRADE  STUDIES 


INTRODUCTION 

(U)  In  Tasks  II  and  III  of  the  ISADS  study,  the  selected  advanced  technologies 
of  Task  I were  incorporated  into  strategic  aircraft  conceptual  sketches.  These 
sketches  were  subjected  to  a filtering  process  to  select  one  base  line  concept 
for  each  catagory,  defined  as  follows: 

1.  Low-cost  simplistic 

2.  Minimum  weight 

3.  Minimum  penetration  time 

4.  Stealthy 

5.  Laser  defense 

The  five  baselines  were  then  sized  and  subjected  to  a series  of  configurational 
and  technological  trade  studies. 


ISADS  DESIGN  GROUND  RULES 


(U)  Concept  integration  began  with  the  list  of  technologies  identified  in 
Task  I and  the  ground  rules  of  the  ISADS  study.  These  ground  rules  were  either 
defined  in  the  Statement  of  Work  or  assumed  by  the  contractor  in  cooperation 
with  the  Air  Force  ISADS  program  manager,  and  are  .described  in  the  following 
paragraphs . 


(U)  The  prime  mission  of  the  ISADS  aircraft  was  defined  In 
Work  to  be  a 5,250-nautical-mile  unrefueled  "high- low 
penetration  mission  (Figure  5),  Other  fallout  missior 
mission  and  a standoff,  loiter- type  mission  (Figure 


Statement  of 
strategic 
a theater 


(S)  The  exact  mission  mach  numbers  were  left  to  the  coni,  < Rockwell 
drew  upon  its  B-l  data  base  to  selecte  penetration  mach  nui.  >r  best  com- 
promise probability  of  survival.  Figure  49  summarizes  the  probability  of 
survival  trend  for  a manned  bomber  penetrating  Soviet  airspace  at  200- foot 
altitude.  The  four  hashed  triangles  at  the  bottom  depict  the  effectiveness 
of  the  primary  threats  as  a function  of  mach  number.  The  tbroad  curve  at  the 
top  summarizes  the  overall  probability  of  survival.  It  can  be  seen  that  the 
knee  of  the  curve  occurs  at  mach  1.2.  This  was  selected  as  the  penetration 
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mach  number  of  the  minimum  penetration  time  configuration.  For  the  subsonic 
concepts,  mach  0.72  was  selected,  since  that  is  the  onset  speed  for  infrared 
detection  due  to  aerodynamic  heating,  as  shown  in  the  bottom  hashed  triangle , (S) 
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(U)  Figure  49.  Survivability  trends.  (U) 

(U)  Penetration  withdrawal  speed  was  selected  as  mach  O.SS,  based  on  B-l 
experience.  The  cruise  legs  were  initially  selected  to  be  at  mach  0.70,  best 
altitude,  but  the  subsequent  sizing  effort  indicated  higher  cruise  speeds 
would  reduce  takeoff  weight. 

(U)  Payload  was  defined  in  the  Statement  of  Work  to  be  50,000  pounds, 
consisting  of  16  advanced  air-launched  cruise  missiles  on  two  rotary  launchers, 
or  alternate  conventional  stores. 

CU)  Ride  quality  and  flight  control  criteria  were  established  in  the  Statement 
of  Work  by  referring  to  AFFDL  TR-73-135,  "Terrain  Following  Criteria,"  and 
nuclear  hardening  design  criteria  were  defined  as  follows: 

1.  TVo  psi  plus  gust  at  sea  level 

2.  Thermal  free  field  of  80  cal/sq  km  (requires  three  sequential 
applications  in  this  environment) 

3.  Withstand  electromagnetic  pulse  environment 

4.  Survivable  fuel  and  flight  control  system 
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(U)  The  Statement  of  Work  gave  freedom  to  the  contractor  in  defining  other 
ground  rule  assumptions  necessary  to  restrain  the  ISADS  study  scope.  These 
were  made  in  cooperation  with  the  Air  Force  ISADS  program  manager  and  are 
described  in  the  following  paragraphs. 

(U)  While  the  Statement  of  Work  stated  that  the  ISADS  aircraft  were  to  be 
"designed  to  meet  postulated  requirements  of  the  post  1995  time  period,"  no 
firm  guide  to  establish  a specific  dateline  was  given.  It  was  therefore 
assumed  that  these  aircraft  would  have  a 1995  initial  operational  capability 
(IOC)  date,  from  which  production  dates,  RDT$E  start  dates,  and  technology 
readiness  dates  could  be  established.  On  the  B-l  program,  the  IOC  date  cor- 
responded schedule-wise  with  production  of  the  65th  aircraft;  therefore,  this 
was  assumed  for  the  ISADS  study.  The  major  effect  of  these  assumptions  is 
that  it  limits  the  usable  advanced  technologies  to  those  which  will  be  avail- 
able by  approximately  1985,  when  RDT$E  must  begin. 

(U)  Subsystems  definition  is  beyond  the  scope  of  this  study,  but  their  weight, 
volume,  and  placement  have  a major  configurational  impact.  With  no  avionics 
requirements  given,  Rockwell  assumed  a 1995  technology,  B-l  equivalent  capa- 
bility avionic  system.  This  assumption  proved  to  be  a major  driver  in  weight, 
cost,  and  aircraft  geometry  due  to  the  high  degree  of  sophistication  of  the 
B-l  avionics.  Similarly,  B-l  equivalent  assumptions  were  made  for  landing 
gear,  APU,  and  other  subsystems. 

(U)  To  define  crew  size,  it  was  assumed  that  the  current  phenomenal  advances 
in  computing  technology  will  allow  most  routine  crew  functions  to  be  automated. 
This  should  allow  the  B-l  crew  complement  of  four  to  be  reduced  to  three 
(Figure  50).  For  the  low-level  supersonic  penetrator  (minimum  penetration 
time) , the  high  degree  of  automated  flight  control  which  will  be  required 
will  allow  a crew  of  two. 
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(U)  Figure  50.  Crew  size.  (U) 
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BASELINE  SELECTION 

(U)  Baseline  concept  selection  was  accomplished  as  a three-step  screening 
process,  (Figure  4).  Initially,  technologies  were  combined  to  produce  six 
to  eight  conceptual  sketches  oriented  toward  each  of  the  five  aircraft  cate- 
gories under  consideration.  A qualitative  assessment  reduced  the  number  of 
concepts  to  be  considered  to  two  or  three  concepts  per  category.  A more 
detailed  preliminary  analysis  was  then  applied  to  the  remaining  concepts 
to  select  the  most  viable  concept  in  each  category.  This  airplane  was  then 
subjected  to  a highly  detailed  computerized  analysis  to  calculate  performance 
and  resize  the  vehicle,  as  necessary,  to  meet  performance  requirements. 


CONCEPTUAL  SKETCH  DESCRIPTIONS 

(U)  Six  to  eight  candidate  concepts  were  sketched  for  each  of  the  five 
required  aircraft  categories.  These  candidates  were  intended  to  be  imaginative 
and  innovative  and  to  include  as  many  high-impact  technologies  as  feasible. 

For  each  vehicle,  a list  of  incorporated  technology  features  was  also  prepared. 
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(U)  Figure  51.  Low-cost  simplistic  concepts  (U) 

(U)  Figure  51  shows  the  seven  conceptual  sketches  intended  to  fit  the  category 
of  "low-cost  simplistic." 

(U)  Concept  1-1  is  a simplistic  structure  concept.  Its  major  feature  is  the 
constant- chord  forward-swept  wing.  As  is  evident  in  general  aviation,  the 
constant- chord  wing  is  the  cheapest  and  easiest  to  build,  but  usually  has  ex- 
cessive drag.  However,  as  Figure  52  shows,  a forward  sweep  of  22  degrees  will 
produce  an  elliptical  lift  distribution,  which  gives  minimum  induced  drag. 

This  is  applicable  only  in  light  of  recent  work  on  the  forward-swept  wing 
concept,  in  which  proper  biasing  of  the  composite  wing  box  plies  has  been 
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shown  to  eliminate  aeroelastic  divergence  at  a negligible  weight  penalty. 
Thus,  a constant- chord  forward- swept  wing  with  no  weight  or  aerodynamic  pen- 
alty and  with  all  the  production  and  maintainence  advantages  of  a constant- 
chord  wing  can  be  built.  ((J) 


(U)  Figure  52.  Effect  of  sweep  on  desired  taper  ratio,  (U) 

(U)  Concept  1-1  also  features  the  canard/tandem-wing  concept,  in  which  an 
oversized  canard  carries  a large  percentage  (30  percent)  of  the  aircraft 
weight.  This  provides  a bridge-type  support  for  the  fuselage,  minimizing  its 
weight  while  providing  a broad  range  in  allowable  center  of  gravity. 

(U)  Concepts  1-2  and  1-3  are  the  same  aircraft,  which  is  modularized  to  allow 
conversion  from  JP  fuel  to  liquid  hydrogen,  when  it  becomes  practical.  The 
concept  features  a simplistic  airframe  with  straight  taper  wings  and  a circular 
cross-section  fuselage.  A pod  carries  propulsion,  landing  gear,  payload,  and 
subsystems. 

(U)  Concept  1-4  features  a modular  payload  pod,  allowing  the  basic  airframe 
to  be  used  as  a strategic  bomber,  tanker,  cargo,  or  other  aircraft  type,  by 
replacing  the  payload  pod.  The  concept  features  winglets,  a blended  wing-body, 
and  a boom-type  tail  support  to  reduce  pod  interference  for  the  tanker  version. 
The  cost  savings  is  expected  to  occur  by  increasing  the  total  aircraft  buy, 
hence,  reducing  unit  fixed  costs. 

(U)  Concept  1-5  is  similar  to  concept  1-4.  Changes  include  deletion  of  the 
tail  booms  to  minimize  wetted  area,  addition  of  a canard  for  trim,  and  loca- 
tion of  the  engines  at  the  tips  of  the  canards  to  increase  field  of  view  of 
antennas  in  the  AWACS  version  of  the  payload  pod.  Also,  the  underside  of  the 
fuselage  is  shaped  to  minimize  the  interference  drag  of  the  pod. 

(IJ)  Concept  1-6  is  a nuclear  sea  sitter  which  would  remain  indefinitely  on 
station.  This  would  reduce  the  number  required  for  a given  effectiveness. 
Nuclear  power  would  enable  penetration  at  the  enemy's  weakest  point  by  circum- 
navigating his  borders. 
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(U)  Concept  1-7  is  a nuclear  long  loiter  which  would  loiter  indefinately  on 
station,  with  the  same  result  as  for  concept  1-6. 


2*1  IRAN  LOADID 

RLYINQ  WINO 
JR  • ROWIRIP 


LH,  ROWIRIP 


CONCIRT 


JR  ROWIRIP 


2-5  NON  ■ RLANAR  WINO  2-6  IURRACI  IRRICT  2 -7  HLR  > RRACINO 


LH]  ROWIRIP 


TANDIM  ARROW 
WINO 


2-1  W.I.O.  - HA 

IITTIR 


UNCLASSIFIED 

(U)  Figure  53.  Minimum  weight  concepts.  (U) 


(U)  Figure  53  shows  the  eight  concepts  of  the  minimum  weight  category. 

/ 

(U)  Concept  2-1  and  2-2  are  span- loaded  flyiny  wings.  Here  the  fuel  and 
payload  are  distributed  along  the  wing,  reducing  the  structural  weight.  Wing- 
lets  reduce  the  drag  penalty  associated  with  aft-swept,  constant- chord  wings. 
Concept  2-1  is  JP-powered;  whereas  concept  2-2  is  liquid-hydrogen-powered  and, 
hence,  features  a thicker  wing  to  contain  the  bulkier  fuel, 

(U)  Concept  2-3  is  a highly  blended,  thin  delta  wing  with  all  fuel  contained 
in  tip  tanks.  These  tanks  can  be  interchanged  with  larger,  cryogenic  tanks 
for  eventual  conversion  to  liquid  hydrogen. 

(U)  Concepts  2-4  and  2-5  are  the  same  aircraft,  again  JP  to  LH,  convertible 
via  plugging  the  fuselage.  A nonplanar  wing  is  used  to  minimize  induced  drag, 
and  a canard  trimmer  is  used  to  minimize  trim  drag. 

(U)  Concept  2-6  is  a ground-based  surface  effects  aircraft,  as  opposed  to  a 
similar  concept,  2-8,  which  is  water-based.  Both  use  ground  effect  to  mini- 
mize drag  during  cruise  and  have  power  enough  to  climb  up  to  clear  obstacles. 
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(U)  Concept  2-7  seeks  to  use  the  structural  concept  of  the  self-bracing 
tandem  arrow  wing,  in  which  fore-  and  aft-swept  arrow  wings  meet  at  the  tip, 
providing  triangular  bracing. 
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(U)  Figure  54.  Minimum  penetration  time  concepts.  (U) 

(U)  Figure  54  shows  the  six  concepts  in  the  minimum  penetration  time 
category. 

(U)  Concept  3-1  uses  the, forward  sweep  concept  to  reduce  wave  drag. 
Two-dimensional  nozzles  provide  pitch  and  roll  control. 

(U)  Concept  3-2  uses  a fully  skewable,  variable-skew  wing.  At  high  dynamic 
pressures,  most  of  the  drag  is  strictly  due  to  skin  friction.  By  fully  skew- 
ing the  wing,  the  skin  wetted  area  can  be  minimized  and,  hence,  the  friction 
minimized.  Intermediate  skew  positions  provide  good  transonic  cruise,  while 
unskewing  the  wing  provides  high  lift  for  landing, 

(U)  Concept  3-3  uses  a fully  sweepable  wing,  for  the  same  reasons.  A variable 
camber  forebody  provides  pitch  trim  when  the  wing  is  fully  swept. 

(U)  Concept  3-4  is  identical  to  3-3  except  that  the  wing  is  a variable- sweep, 
forward- swept  wing. 

(U)  Concepts  3-5  and  3-6  are  both  low-risk  concepts  featuring  fixed  delta 
wings  and  circular- section  fuselages.  Forward- located  2-D  vectorable  nozzles 
allow  supercirculation  lift  for  takeoff  and  landing.  Concept  3-6  features 
rocket- ass is  ted  takeoff. 
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(U)  Figure  55.  Stealth  concepts.  (U) 


(U)  Figure  55  shows  the  six  conceptual  sketches  to  fit  the  stealthy  category. 


(U)  Concent  4-1  uses  stealth  technologies  developed  under  Rockwell's 
Surprise  Fighter  program.  Radar  tests  of  a model  of  this  shape  showed  virtu- 
ally no  radar  return  from  most  directions.  The  aircraft  penetrates  at  high 
mach  number  with  its  wings  fully  stowed,  leaving  only  a slab-sided  shape  with 
minimal  intersections. 


(U)  Concept  4-2  uses  a flat  top  to  minimize  return  from  above.  Inlets  are 
hidden  below  the  wing,  which  is  variable  sweep. 

(U)  Concept  4-3  is  a flat-topped,  flying  delta  wing.  All  signature-producing 
features  such  as  inlets,  nozzles,  and  tail  surfaces  are  hidden  below  tire  wing. 
The  vertical  tails  are  shown  on  rotary  actuators  to  rotate  up  for  landing, 
although  this  later  proved  unnecessary, 

(U)  Concept  4-4  is  a fairly  straightforward  concept  featuring  slab  sides  and 
a hidden  inlet.  Again,  the  vertical  tails  rotate  from  lower  to  upper  for 
landing. 

(U)  Concept  4-5  is  a slab-sided  canard  layout  which  uses  anhedral  wingtips 
for  a stealthy  vertical  surface.  Long  curved  ducts  obscure  the  engine  face. 

(U)  Concept  4-6  uses  a variable-skew  wing  to  minimize  the  frontal  area,  which 
tends  to  reduce  forward  aspect  radar  and  visual  signature. 


UNCLASSIFIED 

90 


UNCLASSIFIED 


5*4  HIQM  ALTITUTI 
PINITAATOA 


S-S  HIGH  ALTITUTI  3-6  LAJIA-IN-A-IALL  3-7  AOAWAAO  (Mill 
IUHA  CAUIIIA  LAMA 


UNCLASSIFIED 

(U)  Figure  56.  Defensive  laser  concepts.  (U) 


(U)  Figure  56  shows  the  conceptual  sketches  in  the  defensive  laser  category. 

(U)  Concept  5-1  is  a tailless  aircraft  which  uses  vectorable  2-D  nozzles  for 
longitudinal  trim.  Winglets  reduce  induced  drag,  and  a pop- through  turret 
provides  360- degree  coverage. 

(U)  Concept  5-2  is  a scaled  down  version  of  5-1  which  carries  no  payload. 

It  is  to  serve  as  an  escort  to  other  bombers. 


(U)  Concept  5-3  features  a single  top-mounted  turret  which,  because  of  the 
aircraft  shape,  can  cover  the  whole  upper  hemisphere  plus  5 to  15  degrees 
downward.  Fold-down  tails  eliminate  rearward  blocking. 

CD)  Concept  5-4  is  a high- altitude  subsonic  penetrator  with  a lower  mounted 
turret.  The  flat  bottom  provides  look-up  stealth. 

(U)  Concept  5-5  is  a high-altitude  supersonic  cruise  penetrator  with  a rear 
hemisphere  coverage  laser.  A retracting  canard  minimizes  supersonic  trim 
drag. 

(U)  Concept  5-6  is  a flying  wing  using  the  "laser-in-a-ball"  concept,  in 
which  all  components  of  the  laser  are  continued  in  an  aimable,  removable  ball 
turret.  This  provides  upper  and  lower  spherical  coverage. 

(U)  Concept  5-7  is  a forward-swept  wins  configuration.  The  laser  is 
contained  in  a rear  stinger,  providing  aft-hemisphere  coverage. 
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CONCEPTUAL  SKETCH  ASSESSMENT 

(U)  These  concepts  were  qualitatively  rated  to  select  the  best  two  or  three- 
concepts  in  each  category.  This  was  accomplished  by  having  members  of  the 
functional  groups  (Aerod'mamics , Propulsion,  Weights,  Manufacturing,  Struc- 
tures, Stealth,  Performance,  and  Operations  Analysis)  rate  several  evaluation 
parameters  for  each  concept  relative  to  the  other  concepts  in  that  category 
(Figure  S7).  A package  was  prepared  and  distributed  for  each  category,  con- 
sisting of  instructions,  the  concepts  in  that  category,  the  technologies 
applied  to  each  concept,  and  a rating  form.  The  completed  forms  are  avail- 
able in  Appendix  B. 
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(U)  Figure  57.  Qualitative  sketch  assessment,  (U) 

(U)  No  attempt  was  made  to  extract  a final  numerical  total  from  which  the 
"best"  concepts  could  be  mechanically  picked.  Rather,  a committee  consisting 
of  the  program  manager,  deputy  program  manager,  and  several  representatives 
from  functional  groups  sat  down  with  the  raw  data  representing  what  the  func- 
tional groups  thought  of  the  concepts,  and  analyzed  the  overall  merit  of  each 
concept.  The  process  followed  was  a weeding  out  one  in  which  reasons  for  not 
pursuing  a specific  concept  were  sought.  These  reasons  included  high  technical 
risk,  marginal  benefits,  unacceptable  cost  impacts,  and  failure  to  fit  the 
ISADS  Statement  of  Work.  This  process  was  followed  until  only  two  to  three 
candidate  concepts  remained  in  each  category.  In  some  cases,  a candidate  con- 
cept combined  features  of  several  conceptual  sketches. 
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(U)  Figure  58.  Baseline  selection  (U) 


CANDIDATE  CONCEPT  ASSESSMENT 


(U)  These  candidate  concepts  were  then  subjected  to  a preliminary  sizing 
exercise  to  select  one  baseline  per  category  (Figure  58) . For  each  concept 
under  consideration,  the  following  qualitative  assessments  were  made:  (1)  ex- 

pected L/D  values  were  estimated  within  the  Aerodynamics  Group  for  each  major 
mission  segment (2)  expected  SFC  values  were  estimated  within  the  Propulsion 
Group,  and  (3)  empty  weight  fraction  and  fixed  equipment  weight  required  to 
perform  the  task  were  estimated  within  the  Mass  Properties  Group,  A summary 
of  these  estimates  is  presented  for  each  aircraft  category  in  Appendix  B. 

Note  that  these  initial  estimates  tended  to  be  higher  than  the  final  sized 
weights  given  late  in  the  text.  This  is  due  to  the  difficulty  of  allowing 
for  advanced  technologies  in  any  statistical  analysis.  However,  the  relative 
weight  trends  were  consistent  with  later  results.  The  mission  of  interest 
is  a high- low- low-high  strategic  mission.  A complete  description  of  this 
mission  may  be  found  below  under  "Performance  Requirements,"  herein. 

(U)  For  each  concept,  the  aerodynamic  and  propulsion  data  were  used  to 
estimate  a fuel  fraction  required  to  perform  the  mission.  This  was  accomp- 
lished for  each  concept,  as  shown  in  Appendix  B.  Here,  the  left  set  of 
colmnns  represents  data  calculated  for  a current  technology  airplane  for  which 
a detailed  performance  and  design  analysis  was  previously  available.  This 
airplane  was  flown  over  the  ISADS  mission  to  calculate  fuel  requirements  for 
each  segment.  Fuel  requirements  for  the  corresponding  mission  segments  for 
each  ISADS  concept, were  ratioed  from  the  known  airplane  using  the  cruise 
efficiency  factor  Fuel  fraction  required  was  then  calculated  by  sum- 

ming up  fuel  used  and  dividing  by  an  assumed  gross  weight  of  395,000  pounds 


UNCLASSIFIED 


93 


UNCLASSIFIED 

(for  compatability  with  the  known  airplane).  This  required  fuel  fraction  was 
assumed  to  remain  constant  with  gross  weight.  (U) 

(U)  Fuel  fraction  available  versus  gross  weight  plots  was  constructed  assum- 
ing that  empty  weight  fraction  and  fixed  equipment  remain  constant  (Figure 
59).  Gross  weight  to  perform  the  mission  may  now  be  estimated  for  each  con- 
cept by  the  intersection  of  fuel  fraction  required  and  fuel  fraction  available 
curves.  These  results  are  recorded  at  the  bottom  of  the  sizing  forms  in 
Appendix  B.  The  minimum  takeoff  gross  weight  concept  was  selected  as  base- 
line in  each  category. 
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(U)  Figure  59.  Fuel  fraction  required  versus 
take-off  gross  weight.  (U) 

BASELINE  SIZING 
PERFORMANCE  REQUIREMENTS 

(U)  Performance  items  calculated  for  these  five  baselines  consisted  of  the 
following: 

1.  Strategic  mission  range 

2.  Theater  mission  range 

3.  Standoff  mission  range 

4.  Takeoff  distance  over  a 50- foot  obstacle 
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(U)  A description  of  each  mission  profile  is  presented  in  Figures  60  through 
62.  All  mission  performance  is  calculated  assuming  1962  U.S.  Standard  Atmos- 
phere conditions.  No  fuel  flow  service  tolerance  was  applied  during  mission 
performance  calculations  (i.e.,  fuel  flows  assumed  are  identical  to  those 
shown  in  the  preceding  for  installed  propulsion  performance), 

(S)  Takeoff  distance  is  evaluated  for  sea  level,  standard  day  conditions. 

All  engines  are  assumed  to  be  operating,  and  distance  calculated  is  that  re- 
quired to  clear  a 50-foot  obstacle. 

Performance  items  considered  as  requirements  for  airplane  sizing  purposes 

are: 


1,  Strategic  mission  range  ■ 5,250  n mi 

2.  Takeoff  distance  ■ 6,000  ft 

(U)  Range  on  the  theater  mission  and  loiter  on  the  standoff  mission  were 
considered  to  result  from  strategic  mission  fuel  requirements. 


VEHICLE  SIZING  AND  PERFORMANCE  EVALUATION  PROGRAM 

(U)  All  performance  and  sizing  calculations  were  made  using  the  Rockwell 
Vehicle  Sizing  and  Performance  Evaluation  Program  (VSPEP),  This  computer 
program  is  a design  tool  capable  of  scaling  a known  basepoint  vehicle  accord- 
ing to  specified  values  of  several  different  design  parameters.  These  include 
vehicle  gross  weight  Cot  fuel  weight),  thrust-to-weight  ratio  (or  engine  size), 
wing  loading  (or  wing  area),  and  payload  or  fixed  equipment  weight  and  volume. 
Performance  may  be  determined  at  specified  gross  weight  or,  alternatively,  a 
search  routine  permits  automatic  sizing  of  the  vehicle  gross  weight  such  that 
a specified  radius  or  range  of  the  design  mission  is  satisfied.  Vehicle  per- 
formance is  calculated  internally  from  a set  of  sub-routines  programmed  ac- 
cording to  a detailed  performance  analysis  model.  The  subroutines  are  general 
in  nature  and  permit  calculation  of  a wide  variety  of  mission  profiles.  Sev- 
eral mission  profiles  may  be  calculated  simultaneously.  Takeoff  and  landing 
distances  and  maneuvering  capability  may  also  be  determined.  Figure  63  illus- 
trates the  evaluation  process. 

CUD  Typical  mission  legs  which  may  be  calculated  include  warmup,  taxi,  takeoff, 
climb,  descent,  cruise,  and  loiter  operations.  Climb  and  descent  performance 
are  determined  by  numerical  integration  of  the  equations  of  motion  along  a 
specified  flight  schedule.  Internally  generated  schedules  are  also  available, 
including  minimum  time  and  minimum  fuel  flight  paths  as  defined  by  the  energy 
method.  Constraints  on  the  allowable  flight  regime  are  included.  Cruises  and 
loiters  may  be  determined  at  fixed  or  optimum  speeds  and  altitudes.  Numerical 
searches  are  used  to  determine  optimum  speeds  and  altitudes  at  the  beginning 
and  end  of  each  of  these  legs. 
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►roeaad  at  allltuda  and  ma«h  numb*r  for  bait  cruiiv  for  3,000  n ml 
ortpana trail  on  ranya, 

Oaitand  to  300»f«t  pltltuda. 

bath  1,000  n ml  at  100‘fcot  altitude  and  math  0.73  (math  1.1 
for  hi  ah  "Q"  panat ra tor ) 

Uland  (0,000  lb  pay  load  on  taryti, 

withdraw  7(0  n ml  at  30Q*roct  allltuda  and  math  number  for 
bait  ranyy, 

Climb  to  attitude  and  math  number  for  bait  irulia. 

Crulaa  at  attitude  and  ma«'i  numbar  (or  bait  renye  (or  a dlttamv  o( 
(00  n ml . 

land  with  )0*mi nwif  fual  roiervt  at  na*lmy*>  anduranca  ipaad  at  aaa 
laval,  plui  ('  Initial  fual  load. 


(U)  Figure  60.  Mission  I (strategic),  (U) 


1,  Climb  to  altltwda  and  math  numbar  far  bait  trulia. 

1.  Fraiati  at  altitude  and  math  rumba r for  bait  trulea, 
b.  Dal  Ivor  pay  I txd  an  taryct  (fO.OOfl  lb). 

I.  Miurft  to  baio  at  moth  n umtar  and  altitude  for  bait  irulio, 

4.  land  with  )0*»lnute  fual  marvi  at  mail  mum  endurance  ipaad  at  tea  level, 

pluiJMMt1*!  futl  toftf . 

(U)  Figure  61.  Mission  II  (theater  with 
alternate  payloads),  (U) 


1,  Warm-up  and  tpleoff  • I minytot  at  minimum  dry  pcwar, 

2,  Climb  te  bait  trulte  ipaad  and  alt  I tuba, 

I.  Cruiia  at  bait  ipaad  any  altitude  for  mpplnum  range  to  patrol  a 
perimeter  of  1,(00  n ml  distinct  from  bate 

k,  Patrol  at  bait  ipaad  and  altitude  for  minimum  endurance. 

S Launch  (0,000  lb  payload. 

4 datum  to  bait  at  bait  ipaad  and  altitude, 

7.  land  with  J0*minuta  fual  rater va  at  minimum  tndurama  ipaad  at  taa 
laval,  plui  5 initial  full  load, 

(U)  Figure  62.  Mission  III  (standoff).  (U) 
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(U)  Figure  63.  Vehicle  sizing  and  performance  evaluation  program.  (U) 


Data  input  to  the  VSPEP  for  each  ISADS  basepoint  vehicle  include: 

1.  Weights  broken  down  by  majoi  component,  along  with  scaling 
information  on  the  wing,  tails,  fuselage,  and  engines 

2,  Drags  broken  down  by  major  component  and  type  (e.g.,  friction 
drag ,t  wave  drag,  drag-due-to-lift,  base  drag) 

3.  Installed  propulsion  data,  including  thrust  and  fuel  flow  as 
functions  of  speed,  altitude,  and  power  setting 

4,  Dimensional  data  such  as  lengths,  areas,  and  volumes  for  major 
components  and  total  vehicle 

Derivation  of  these  inputs  is  described  in  the  following  paragraphs.  (U) 


AERODYNAMIC  CHARACTERISTICS 

(U)  Presented  herein  are  aerodynamic  lift  and  drag  data  used  in  sizing  the  five 
ISADS  concepts,  Presented  are  lift  and  drag  data  consisting  of  skin  friction, 
drag-due-to-lift,  compressible  drag  rise,  and  drag  increments  due  to  boundary 
layer  diverter  (BLD)  and  base.  Also  presented  are  landing  gear  drag  and 
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flaps-down  lift  and  drag  data.  These  data  are  based  on  the  following  initial 
trapezoidal  wing  geometries: 


ISADS  Concept 

SREF. 

(ft*) 

linj 

b 

(in.) 

AR 

A 

Ale 

(deg) 

1 - D645-1  [min  cost) 

1,800 

207.9 

1,247.1 

6 

i. 

-22 

2 - D64S-6  [min  weight) 

3,333 

400.0 

1,200.0 

3 

l. 

30 

3 - D64S-3  (min  pen.  time) 

2,550 

262.5 

1,484.3 

6 

.4 

8 

4 - D645-4  (stealth) 

3,960 

627.3 

1,068.0 

2 

.16 

55 

5 - D64S-S  (defensive  laser) 

4,200 

435.5 

1,555.4 

4 

.25 

35 

CU) 

(S)  in  the  concept  III  skewed  wing  configuration,  the  following  wing  sweep 
schedule  was  assumed: 


Flight  Mode 
Cruise  at  BCM/BCA 
Penetration  at  1.2M  /200  ft 
Takeoff  and  landing 


Aye  (de«) 

25® 

98°  (wing  folded) 

8°  [wing  fully  extended) 


Withdrawal  at  BCM/200  ft  65° 

(U)  The  following  wing  and  control  surface  design  criteria  were  assumed  in 
estimating  the  aero  data: 


Concept 

Airfoil 

LE 

clDES' 

LE 

Device 

TE 

Type 

m mmmmrn 

Flap 

bf/bw 

cf/.f_w 

1 

10%  SC 

-2 

0.5 

Yes 

SSF 

0.585 

0.2 

20° 

2 

12%  SC 

30 

.3 

No 

SSF 

.86 

.1 

20® 

5.51  std 

25 

.5 

Yes 

- 

- 

- 

- 

(body  lift) 

98 

M 

- 

» 

• 

. 

3 < 

6% 

e 

.1 

Yes 

DSF 

.785 

.25 

30% 

k 2.6% 

65 

.2 

Yes 

. 

M 

U 


V* 


1 

1 


i 


) 


\ 


i1 


; 
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.2  20% 

.25  10% 

NOTE:  SC  ■ Supercritical  Airfoil 
SSF  ■ Single  Slotted  Flap 
DSF  ■ Double  Slotted  Flap 
LE  ■ Leading  Edge 
TE  - Trailing  Edge  (U) 


4 

141 

55 

.3 

Yes 

SSF 

.689 

5 

14%  SC 

35 

.3 

Yes 

SSF 

.545 

Skin  Friction  Drag 

(U)  Skin  friction  drag  was  estimated  using  the  computer  program  described  in 
Reference  10.  The  program  employs  several  well-established  semiempirical  tech- 
niques to  estimate  the  viscous  drag  of  an  arbitrary  aircraft  configuration 
using  a component  buildup  approach.  The  program  evaluates  laminar  and  turbu- 
lent flap  plate  skin  friction  at  incompressible  and  compressible  speeds,  and 
provides  specified  or  flatplate  natural  transition  point  calculation  options 
in  conjunction  with  a matching  of  the  momentum  thickness  to  link  the  two 
boundary  layer  states,  For  the  turbulent  condition,  the  increase  in  drag  due 
to  distributed  surface  roughness  is  treated  using  uniformly  distributed  sand 
grain  results.  Component  thickness  effects  are  approximated  using  experimental 
data  correlations  for  2-D  airfoil  sections  and  bodies  of  revolution. 


(U)  Natural  transition  on  all  lifting  surfaces  and  bodies  was  assumed  (equi- 
valent sand  grain  height  (ks)  of  0.000033  ft),  reflecting  standard  camouflage 
paint  of  average  application.  A standard  10-percent  allowance  for  surface 
irregularities  was  not  added  to  the  computed  skin  friction  drag,  assuming  that 
this  increment  is  offset  by  a reduction  in  skin  friction  drag  by  application 
of  surface  coatings  on  the  baseline  vehicles. 


(U)  The  computed  skin  friction  drag  values  at  mach  0,6  and  25,000  feet 
(K  ■ 0,000033  feet)  are  tabulated  m the  following.  The  friction  drag  values 
at  other  mach  numbers  and  altitudes  are  computed  by  the  vehicle  performance 
evaluation  program  using  these  basepoint  data. 


Concept 

1 - Low  cost  (D645-1) 

2 - Min  weight  (D645-6) 


Se 

SREP 

®WET 

0.01112 

1,800  ft2 

8,790  ft2 

.00684 

3,333 

9,347 

Cf 


.00244 
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Min  penetration  time  (D645-3) 

.01009 

2,550 

12,310 

.00209 

Stealthy  (D645-4) 

.00584 

3,960 

8,926 

.00259 

Defensive  laser  (D645-5) 

.00690 

4,200 

11,387 

.00255 

(U) 


Boundary  Layer  Diverter  and  Base  Drag 

(U)  Drag  increment  due  to  the  boundary  layer  diverter  of  the  D645-3  (minimum 
penetration  time  concept)  configuration  was  computed  using  the  experimental 
data  correlation  contained  in  Reference  11  and  is  presented  as  Figure  C-l.  Base 
drag  increment  due  to  the  fuselage  aft  end  of  the  D645-1  (low-cost  concept)  is 
also  estimated  based  on  available  experimental  correlation. 


Drag  Divergence  Mach  Number,  Compressible  Drag  Rise,  and  Wave  Drag 

(U)  Drag  divergence  mach  number  (Mjjd)  and  compressible  drag  rise  (AC^)  due 
to  lifting  surface  were  estimated  using  available  data  correlation  and  are 
presented  in  Figures  C-2  and  C-3.  Wing  leading  edge  sweep  angle,  wing  thickness 
ratio,  and  airfoil  type  (standard  or  supercritical)  are  the  variables  in 
determining  the  drag  divergence  mach  number.  The  compressible  drag  rise 
presented  in  Figure  C-3  is  presented  as  a function  of  a ratio  of  flight  mach 
number  to  drag  divergence  mach  number  (M/MDD) . Therefore,  to  determine  drag 
rise  at  any  flight  condition  (altitude,  Mach  number,  and  lift  coefficient), 

Figure  C-3  must  be  used  in  conjunction  with  the  drag  divergence  mach  number 
plots  of  Figure  C-2. 

(S)  The  minimum  penetration  time  concept  vehicle  (D645-3)  has  a penetration 
speed  of  mach  1.2  at  200  feet  with  its  wing  fully  skewed.  For  this  flight  mode, 
wave  drag  was  evaluated  using  LAD's  computer-aided  digitizing  and  aerodynamic 
preliminary  analysis  system  (PAD),  described  in  Reference  12  and  shown  in 
Figure  C-4,  The  actual  wave  drag  level  used  for  this  vehicle  sizing  is  denoted 
as  "goal."  This  level  is  desired  through  configuration  refinement,  which  re- 
quires some  further  design  iteration,  The  wave  drag  analysis  is  based  on  the  far- 
field  theory  presented  in  Reference  13. 


Drag-Due-to-Lift 

(U)  Incompressible  drag-due- to-li ft  (induced  drag)  was  estimated  using  the 
aforementioned  LAD  PAD  program  (Reference  12  in  conjunction  with  the  experimental 
wing  leading  edge  suction  correlation  (Figure  C-S).  Zero-  and  100-percent- 
suctijn  induced  drag  factors  are  first  evaluated  by  PAD.  For  a selected  suc- 
tion (S)  curve  corresponding  to  an  assumed  design  lift  coefficient  (Ctn  ) , 
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the  drag-due- to-lift  factor  (Col/Cl2)  is  computed  for  a range  of  lift  co- 
efficient, as  follows: 


In  the  preceding  equation,  the  100-percent-suction  induced  drag  factor 
(CD|/Cl2)s  * 100  will  approach  1/trAR  CAR  - .reference  wing  aspect  ratio)  for 
a wing  planform  without  winglets  (or  tip-mounted  vertical  tails) , With  wing- 
tip  vertical  surfaces,  (Cd^/Cl^o  . comes  out  lower  than  the  basic  wing 
showing  the  end  plate  effect.  The  0-percent- suction  induced  drag  factor 
(Cd^/Cl^s  - o is  nothing  more  than  Cl  tana/C.  The  following  tabulates 
computed  values  of  the  aforementioned  factors  at  mach  0.7. 


Concept 


AR 


it-AR 


JDES 


1 - 

D645-1  (low  cost) 

0.1076 

0.1622 

0.0527 

6 

0.0531 

0.5 

2 - 

D645-6  (min  wt) 

.0669 

.2609 

.0827 

3 

.1061 

.3 

3 - 

D645-3  A...  “65° 

Lb 

.0477 

.3659 

.1386 

2.38 

.1338 

.2 

(min  pen.  time)  “25° 

.0927 

.1883 

.0541 

5.81 

.0548 

.5 

ale  -8= 

.1012 

.1725 

.0527 

6 

.0531 

.1 

4 - 

D645-4  (stealthy) 

.0503 

.3470 

.1344 

2 

.1592 

.3 

S ■ 

D645-5  (defensive  laser) 

.0836 

.2038 

.0615 

4 

.0796 

• 3(U) 

(U)  The  low-speed  flaps-down  lift  and  drag-due- to- lift  for  takeoff  and  landing 
were  estimated  using  empirical  methods  outlined  in  References  14  and  IS. 

(U)  The  drag-due-to-lift  factors  are  presented  in  Figures  C-6  through  C-10  and 
the  low-speed  lift  data  are  presented  in  Figures  C-ll  through  C-1S. 


Landing  Gear  Drag 

(U)  Drag  Increment  due  to  landing  gear  is  based  on  an  analysis  of  B-l  data 
and  is  presented  in  Figure  C-16  based  on  total  nose  and  main  tire  frontal  area 
(not  including  the  frontal  area  of  the  strut) . To  obtain  landing  gear  drag 
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increment  for  any  one  of  the  ISADS  concepts,  AC*  of  Figure  C-16  must  be  multi- 
plied  by  the  ratio  of  the  total  nose  and  main  tire  frontal  area  to  the  concept 
reference  area.  The  B-l  employs  a pair  of  dual  two- in -tandem  main  gear 
arrangement,  concepts  1 and  4 (D645-1  and  -4)  employ  a pair  of  dual  three-in- 
tandem main  gear  arrangement,  and  concept  3 (D645-3)  employs  a pair  of  dual 
wheels  with  very  short  struts  for  both  the  nose  and  main  gears.  To  account 
for  variation  in  gear  drag  for  these  situations,  the  frontal  area  presented 
in  Figure  C-16  is  adjusted  for  each  unique  gear  arrangement.  (U) 

Total  Drag 

(U)  Total  drag  represents  a summation  of  the  various  increments  using  the 
expression: 


■Drag  at  zero  lift" 


- C *AC  +AC 
JT0TAL  p UBLD  UBASE 


+ AC 


V 


JL  0 


Induced  drag 


+ 


+ 


L • X 


WEIGHTS 

(U)  Air  vehicle  weights  presented  herein  for  the  five  baseline  configurations 
reflect  projected  advancements  in  state-of-the-art  (SOA)  for  the  1995  time 
period.  Advanced  technologies  applied  to  the  vehicle  basic  structure  include 
the  use  of  new  metal  and  composite  materials,  in  addition  to  advanced 
fabrication/manufacturing  techniques.  The  new  materials  have  increased 
strength- to-weight  ratios  and  higher  design  allowables,  yielding  a weight 
reduction.  Advanced  fabrication/manufacturing  methods  provide  capability 
to  form  large  sections  of  integral  composite  structure  and  large  sections 
of  SPF/DB  structure,  resulting  in  both  a weight  and  cost  savings.  The  pro- 
pulsion group  has  advanced  engines  with  high  thrust-to-weight  ratios.  Pro- 
jected technology  progress  for  the  various  vehicle  subsystems  are  included 
with  the  system  weights. 


(U)  The  approach  used  to  estimate  structure  weights  on  the  ISADS  baseline 
concepts  was  the  development  of  equivalent  conventional  construction  aircraft 
component  weights  to  which  were  then  applied  postulated  achievable  weight- 
saving increments  for  advanced  material,  design,  and  manufacturing  applications. 
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Statistical  methods  formulated  from  a data  base  of  existing  hardware  were  used 
to  estimate  the  structure  weight  of  components  constructed  with  conventional 
materials  and  methods.  Adjustments  were  made  to  these  statistical  estimates 
to  account  for  unique  concept-oriented  features  such  as  wing-body  blending, 
winglet  effects,  and  span  loading  arrangements.  (U) 


(U)  TABLE  10.  STRUCTURE  WEIGHT  SAVINGS  FOR  ADVANCED 
CONSTRUCTIONS  (YEAR  1995)  (U) 


Minimum  cult 

Minimal!  wight 

iVivuncuJ 

Cornells* 

cnono.lt* 

Component 

Uotip 

LU  - 

Saving* 

m 

suv  i ngti 

Gamp 

-LI)  . 

Savinas 

— 1U 

sivini*  ' 

(V) 

Wins 

KU 

25.5 

a 

Iff) 

,lh.  5 

Mnrliuntul  tall, 
(cununl) 

A n 

2ft.  S 

• 

MO 

.10.1 

■ 

Vortical  tall, 

in 

it>. 5 

MO 

SO.  5 

• 

I'ueelagu 

rn 

ld.5 

5 

?n 

ii.5 

ii 

Uniting  g»nr» 

40 

1?,! 

i: 

40 

iM 

Ift 

Nucelle,  li 
engine  unction 

• 

in 

14, 5 

11  Not  conaltloreU  on  ISADS  concept, . 
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(U)  Table  10  presents  the  weight  savings  that  were  assumed  for  both  advanced 
composite  and  metallic  designs  which  were  applied  to  the  statistically  esti- 
mated component  weights.  These  weight-saving  increments  for  both  design-to- 
cost  and  deaign-to-weiht  concepts  were  derived  by  reviewing  Rockwell  design 
studies  and  actual  fabrication  programs  on  advanced  composite  and  metallic 
constructions  combined  with  known  results  attained  by  other  aircraft  companies. 
Figures  64  and  65  show  typical  wing  structure  weight-saving  data  that  were 
used.  Projected  technology  advancements  were  consolidated  with  the  foregoing 
weight-saving  achievements  to  arrive  at  the  technology  design  base  for  the 
post- 1995  time  period. 

(U)  Similar  to  vehicle  structure,  the  weights  for  subsystems  were  derived 
by  applying  predicted  weight  reductions  to  statistically  determined  system 
weights.  These  weight  savings  result  from  the  use  of  advanced  technologies, 
such  as  high-pressure  hydraulic  system,  high-voltage  electrical  system,  fiber 
optics,  mini-micro  electronics,  composite  material,  etc.  The  weight  reduc- 
tions assumed  for  the  vehicle  subsystems  are  shown  in  Table  11, 
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(U)  Figure  64.  Advanced  construction 
concepts  wing  weight  savings, 
critical  component  development 
program.  (U) 


lo«  wtlpnt*  Inclwlf  reel  attathiupnt  or  pivot  flulnp  weight, 
flap  t ilat  track*  fuel  *r»t#m»,  pylori,  etc.,  where  applicable. 
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(U)  Figure  6S.  Advanced  composite 
wing  box  weight  savings . (U) 


(U)  TABLE  11.  SYSTEM  WEIGHT  SAVINGS  ASSUMED  FOR 
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(U)  Appendix  D summarizes  the  weights  data  for  the  five  baseline 
configurations,  as  initially  drawn,  These  data  were  used  as  input  to  the 
vehicle  sizing  program,  from  which  final  weights  were  produced,  These  final 
weights  are  given  in  the  text  starting  on  page  209. 


1995  SQA  TECHNOLOGIES  (U) 
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PROPULSION 

(U)  In  the  absence  of  engine  manufacturers'  engine  performance  computer 
programs  for  199S  engines,  the  Rockwell  propulsion  analysis  program  was  used 
to  compute  installed  propulsion  system  performance.  This  program  is  basically 
an  engine  cycle  analysis  program  extended  to  compute  overall  propulsion  sys- 
tem performance,  including  inlet  and  nozzle  effects.  Real  thermodynamic 
properties  are  included  in  curve  fit  form.  All  component  characteristics, 
including  inlet  and  nozzle,  are  input  in  map  form.  The  program  is  written  in 
FORTRAN' and  is  based  on  the  program  developed  under  NASA  Ames  Contract  NAS2- 
2985,  "Study  of  Performance  and  Weight  Analysis  of  Air  Breathing  Propulsion 
Systems  for  Hypersonic  Aircraft."  This  computer  program  is  capable  of  com- 
puting performance  and  estimated  engine  weight,  length,  diameter,  and  exhaust 
jet  noise  for  several  turbocycle  engine  configurations,  including  turbojet, 
turbofan,  and  turbo-derivative  propulsion  systems.  The  program  has  been  used 
extensively  to  generate  propulsion  data  for  advanced  study  aircraft  and  to 
optimize  propulsion  system  performance. 

(U)  Inlet  and  nozzle/afterbody  performance  characteristics  were  estimated 
using  theoretical  analyses  and  existing  data  from  tests  of  similar  config- 
urations. 


Low-Cost  Concept  Propulsion 

(U)  A propulsion  system  was  selected  and  installed  performance  was  computed 
for  use  in  the  low-cost  baseline  aircraft.  The  following  paragraphs  describe 
the  procedure  for  selecting  the  propulsion  system  and  the  selected  propulsion 
system, 

(C)  Because  this  aircraft  has  no  supersonic  operational  requirement,  a pitot- 
type  inlet  was  selected.  Inlets  with  ramp3,  cones,  and/or  variable  geometry 
offer  no  performance  advantage  in  subsonic  flight,  and  they  are  more  complex 
and  heavier  than  pitot  inlets. 

(C)  To  select  an  engine  cycle,  weight  and  performance  data  at  selected 
conditions  were  computed  for  a range  of  mixed-flow  engines,  including 
moderate-bypass-ratio  augmented  engines  and  high-bypass -ratio  dry  engines. 

The  Rockwell  propulsion  analysis  computer  program  was  used  for  these  engines. 
In  addition,  advanced  versions  of  existing  engines  were  postulated.  However, 
no  existing  engines  have  the  thrust  characteristics  required  for  these 
vehicles.  Preliminary  estimates  of  thrust  requirements  indicated  that  for 
penetration  at  mach  0.7,  sea  level,  the  thrust  required  would  be  approximately 
40  percent  of  the  thrust  at  sea  level,  static,  takeoff.  Ideally,  this  thrust 
match  can  be  achieved  with  a high-bypass -ratio  (approximately  7)  engine.  The 
high  bypass  ratio  provides  good  SFC  at  cruise  and  penetration  and  low  exhaust 
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gas  temperatures  for  low  infrared  (IR)  signature.  However,  the  diameter  of 
this  engine  is  then  about  8 feet,  approximately  the  diameter  of  the  fuselage. 
The  large  engine  face  diameter  causes  a severe  radar  cross-section  (RCS) 
problem.  Thus,  in  order  to  reduce  the  RCS  problem,  moderate  bypass  ratio 
engines  with  augmentation  were  examined.  (C) 

(U)  From  engine  design  and  maintenance  viewpoints,  it  is  desirable  to  have 
turbines  which  require  no  cooling  flow,  Garrett  AiResearch  indicated  that 
the  maximum  turbine  inlet  temperature  that  could  be  used  with  no  turbine 
cooling  flow  would  be  2,400°  F for  IOC  in  the  year  2000.  A higher  temper- 
ature is  desired  to  minimize  engine  site.  Therefore,  the  temperature  was 
increased  (and  high-pressure  turbine  cooling  flow  was  added)  to  a point  where 
the  low-pressure  turbine  inlet  temperature  was  near  2,400°  F;  therefore,  the 
low-pressure  turbine  would  not  require  cooling  flow.  Thus,  the  selected 
cycle  has  a fan  pressure  ratio  of  3.7,  a bypass  ratio  of  1.7,  an  overall 
pressure  ratio  of  35 , and  a combustor  exit  temperature  of  3,000°  F.  This 
cycle  provides  a good  vehicle  thrust  requirement  match  and  has  no  low-pressure 
turbine  cooling  flow.  The  selected  propulsion  system  has  been  designated 
MF78-01,  The  engine  characteristics  and  weight  and  dimensional  data  are 
presented  in  Table  12.  Component  performance  levels  used  are  presented  in 
Table  E-l,  Installation  effects  are  summarized  in  Table  E-2.  The  engine  uses 
a variable  convergent-divergent  axisymmetric  nozzle. 


(U)  TABLE  12.  MF78-01  ENGINE  CHARACTERISTICS  (U) 


Sea-level  itatic,  maximum  power  thrust,  lb 

Uninstalled 

65,000 

Installed 

60,000 

Design  air  flow,  lb/sec 

550 

Bypass  ratio 

1.7 

Combustor  discharge  temperature,  “F 

3,000 

Overall  pressure  ratio 

35 

Fan  front  face  diameter,  in. 

55 

Maximum  diameter  (at  nozzle},  in. 

55 

Overall  length,  in. 

192 

Center  of  gravity,  in.  from  fan  front  face 

74 

Dry  weight,  lb 

5,400 

UNCUSS  I FIED 


Minimum- Weight  Concept  Propulsion 

(U)  From  a propulsion  viewpoint,  the  minimum-weight  concept  propulsion 
system  installation  and  thrust  requirements  are  basically  identical  to  those 
of  the  low-cost  concept,  Therefore,  the  low-cost  propulsion  system  and  its 
perfoimance  were  used  for  the  minimum-weight  aircraft, 
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Minimum  Penetration  Time  Concept  Propulsion 

(U)  A propulsion  system  was  selected  and  installed  performance  was  computed 
for  use  in  the  baseline  minimum  penetration  time  aircraft.  The  following 
paragraphs  describe  the  procedure  for  selecting  the  propulsion  system  and  the 
selected  propulsion  system. 

(S)  Because  the  maximum  mach  number  is  only  1.2  , a pi tot -type  inlet  was 
selected.  Inlets  with  ramps,  cones,  and/or  variable  geometry  offer  no  per- 
formance advantage  for  this  airplane,  and  they  are  more  complex  and  heavier 
than  pitot  inlets.  A 2-D  plug  nozzle  with  vectoring  for  pitch  control  was 
selected. 

(S)  To  select  an  engine  cycle,  weight  and  performance  data  at  selected 
conditions  were  computed  for  a range  of  cycle  parameters  for  (1)  multimode 
integrated  propulsion  systems  (MMIPS) , and  (2)  mixed-flow  engines  with 
variable  geometry,  low-pressure  turbines  and  variable  geometry  mixers  (similar 
to  the  General  Electric  variable  area  bypass  injector  (VABI)  concept) . While 
NMIPS  cycles  were  found  to  provide  slightly  better  installed  performance, 

MIPS  cycle  was  not  selected  because  of  the  complexity  of  the  installation. 

The  Rockwell  propulsion  analysis  computer  program  was  used  for  these  engines. 
Preliminary  estimates  of  thrust  requirements  indicated  that  for  penetration 
at  mach  1.2,  sea  level,  the  thrust  required  would  be  approximately  45  percent 
of  the  thrust  at  sea  level,  static,  takeoff.  From  engine  design  and  mainten- 
ance viewpoints,  it  i3  desirable  to  have  turbines  which  require  no  cooling 
flow,  (maximum  turbine  inlet  temperature  of  2,400°  F for  IOC  in  the  year 
2000).  A higher  temperature  is  desired  to  minimize  engine  size.  Therefore, 
the  temperature  was  increased  (and  high-pressure  turbine  cooling  flow  was 
added)  to  a point  where  the  low-pressure  turbine  inlet  temperature  was  near 
2,400°  F;  therefore,  the  low-pressure  turbine  would  not  require  cooling  flow. 
Thus,  the  selected  cycle  has  a fan  pressure  ratio  of  3.4,  a bypass  ratio  of 
2,0,  an  overall  pressure  ratio 'b‘f  3S,  and  a combustor  exit  temperature  of 
3,000°  F.  Combustor  exit  temperature  is  allowed  to  increase  to  3,100°  F 
at  mach  1.2,  sea  level,  maximum  power.  This  cycle  provides  a good  vehicle 
thrust- requirement  match  and  has  no  low-pressure  turbine  cooling  flow,  While 
some  optimizing  of  variable  low-pressure  turbine  and  mixer  areas  was  done, 
the  propulsion  performance  is  not  to  be  considered  optimum.  Some  performance 
gains  should  be  realized  by  varying  cycle,  turbine,  and  mixer,  The  selected 
propulsion  system  was  designated  MF78-Q2.  The  engine  characteristics  and 
weight  and  dimensional  data  are  presented  in  Table  13.  Component  performance 
levels  used  are  presented  in  Table  E-3.  Installation  effects  are 
summarized  in  Table  4.  The  engine  uses  a variable  flap,  expandable  2-D 
plug  nozzle. 
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(U)  TABLE  13.  MF78-02  ENGINE  CHARACTERISTICS  (U) 


Sea- level  static,  maximum  power  thrust,  lb 

Uninstalled 

62,250 

Installed 

50,400 

Design  airflow,  Ib/sec 

550 

Bypass  ratio 

2.0 

Combustor  discharge  temperature,  BF 

3,000 

Overall  pressure  ratio 

35 

Fan  front  face  diameter,  in. 

55 

Maximum  diameter  (at  nozzle),  in. 

55 

Overall  length,  in. 

192 

Center  of  gravity,  in.  from  fan  front  face 

75 

Dry  weight,  lb  (includes  axisynmetric  nozzle 

5,450 

and  St  allowance  for  variable-geometry  turbine 
and  mixer) 

Axsymmetric  nozzle  weight,  lb 

640 

2-D  nozzle  weight,  lb 

1,800 

UNCLASSIFIED 


Stealthy  Concept  Propulsion 

(U)  Initially,  it  was  desired  to  keep  the  engine  diameter  and  inlet  size 
small  for  the  stealth  concept  so  as  to  minimize  RCS.  Therefore,  the  propul- 
sion system  performance  data  used  on  the  low-cost  aircraft  were  also  used  on 
the  stealthy  aircraft.  Nozzle  wight  was  adjusted  because  the  stealth  air- 
craft uses  2-D  nozzles. 

(U)  After  the  aircraft  was  sized,  it  was  determined  that  the  aircraft  could 
accommodate  large- diameter  engines  and  larger  inlets.  Thus,  it  is  recommended 
that  additional  studies  be  made  incorporating  high-bypass-ratio  unaugmented 
engines.  These  engines  would  reduce  fuel  consumption  and  significantly  lower 
IR  signature  (because  of  much  lower  exhaust  gas  tenperature) . 


Laser  Defense  Concept 

(Uj  The  laser  defense  aircraft  has  thrust  requirements  similar  to  those  of 
the  low-cost  aircraft.  Therefore,  the  propulsion  system  performance  data 
used  on  the  low-cost  aircraft  were  also  used  on  the  laser  aircraft.  Nozzle 
weight  was  adjusted  because  the  laser  aircraft  uses  2-D  nozzles. 
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AIRPLANE  SIZING  AND  SENSITIVITIES 

(S)  The  "as-drawn"  basepoint  airplane  for  each  of  the  five  airplane  concepts 
was  analytically  resized  toward  the  objective  of  obtaining  the  minimum  gross 
weight  (or  minimum  cost)  baseline  airplane  meeting  the  performance  require- 
ments of  5,250  nautical  miles  on  the  strategic  mission  and  a takeoff  distance 
no  greater  than  6,000  feet.  The  baseline  drawing  do  not  reflect  the  results 
of  this  resizing. 

(S)  Resizing  was  accomplished  on  each  concept  by  exercising  the  Vehicle 
Sizing  and  Performance  Evaluation  Program  (VSPEP)  for  a matrix  of  thrust- to- 
weight  and  wing  loading  values,  and  allowing  the  program  to  search  for  the 
gross  weight  in  each  case  that  satisfies  the  design  mission  range  requirement. 
Takeoff  distance  is  also  calculated  for  each  point  of  the  matrix,  Both  gross 
weight  and  takeoff  distance  plots  versus  thrust- to-weight  (T/W)  and  wing  load- 
ing (W/S)  were  prepared  and  are  presented  in  the  following  paragraphs.  Several 
takeoff  distance  requirement  lines  are  cross  plotted  onto  the  gross  weight 
versus  T/W  and  W/S  curves.  Since  takeoff  distance  is  the  only  performance 
requirement  other  than  design  mission  range,  the  thrust-to-weight,  wing  load- 
ing, and  gross  weight  may  now  be  selected  from  this  design  chart  for  'the  mini- 
mum gross  weight  airplane  to  satisfy  each  of  several  takeoff  distance  require- 
ments. The  optimized  baseline  airplanes  were  selected  for  each  concept  for 
a takeoff  distance  requirement  of  6,000  feet. 

(U)  Several  design  and  mission  sensitivity  trades  were  performed  about  the 
selected  baselines  for  each  of  the  five  ISADS  concepts « Parameters  varied 
consist  of  the  following: 

1.  Takeoff  distance  requirement 

2.  Wing  aspect  ratio 

3.  Parasite  drag 

4.  Drag-due-to-lift 

5.  Engine  specific  fuel  consumption 

6.  Fixed  equipment  weight 

7.  Penetration  mach  number 

(U)  In  addition  to  the  preceding  items,  the  following  parameters  were  also 
varied  for  the  low-cost  and  minimum  penetration  time  (high  "Q")  baselines: 

1.  Payload  weight 
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2.  Total  low-altitude  distance  (maintaining  total  range  constant  at 
5,250  and  recovery  distance  constant  at  500  nautical  miles, 
respectively)  (U) 

(U)  All  of  the  preceding  trades  except  the  takeoff  distance  requirement 
trade  were  performed  by  independently  varying  the  specified  parameter  and 
exercising  the  VSPEP  to  resize  the  airplane  to  that  gross  weight  required  to 
meet  the  5,250-nautical-mile  design  mission  range.  Thrust-to-weight  and  wing 
loading  are  held  constant  at  those  values  selected  for  the  baseline.  The 
takeoff  distance  requirement  trade  is  plotted  directly  from  the  design  chart 
developed  earlier.  In  this  case,  T/W  and  W/S  are  both  variable  and  are  equal 
to  those  values  yielding  the  minimum  gross  weight  vehicle  to  meet  the  require- 
ment. 

(U)  The  results  of  these  sensitivity  trades  are  presented  in  the  following 
paragraphs. 


INTEGRATION  AND  TRADE  STUDY  RESULTS 

(U)  Herein,  the  final,  sized  baselines  and  their  trade  studies  are  presented. 
The  material  is  organized  such  that  all  data  on  one  concept  are  presented 
together. 


LOW-  COST  SIMPLISTIC  BASELINE 


(U)  Figure  66  summarizes  the  low-cost  simplistic  baseline,  The  major  feature 
of  note  is  the  high  degree  to  which  constant  cross  sections  and  flat-wrapped 
skins  are  employed.  The  fuselage  is  constant  in  section  for  two- thirds  of  its 
structural  length.  The  wing  has  a unit  taper  ratio  which  can  be  employed  by 
using  the  forward-sweep  composites  technology.  This  gives  a drag-reducing 
elliptical  lift  distribution  and  allows  identical  ribs  from  root  to  tip. 
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(S)  Figure  66.  Low  cost  simplistic  baseline.  (U) 
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(U)  Figure  67.  Low-cost  stylistic.  (If)  UNCLASSIFIED 


(U)  Upper  surface  podded  engines  are  used  because  (1)  they  allow  reduced 
landing  gear  height  without  fear  of  foreign  object  ingestion,  and  (2)  this 
allows  use  of  a drag- reducing,  favorable  pressure  interference  between  the 
wing  and  nacelle,  Only  two  engines  are  used  to  reduce  production  and  maintenance 
costs. 

(U)  The  landing  gear  has  several  cost-reducing  features,  The  main  gears  are 
identically  left/right  common,  Also,  the  nose  gear  wheels,  tires,  and  brakes 
are  common  with  the  main  gear.  In  addition,  all  gears  retract  directly  with 
simple  pivot  mechanisms, 

The  following  advanced  technologies  are  employed; 

1.  Supercritical  airfoil 

2.  Aerodynamic  surface  coatings 

3.  Curved  composite  wing  box 

4.  SPF/DB  titanium  nacelles 

5.  Relaxed  static  stability  and  fly-by-wire 

(U)  Performance  and  sizing  charts  for  the  low-cost  concept  are  presented  in 
Figures  69  and  70.  The  selected  baseline  airplane  was  chosen  as  having 
T/Wo  ■ 0.306,  Wo/S  ■ 165  psf,  and  Wo  • 330,400  lb.  This  selection  was 
revised,  however,  as  a result  of  the  wing  aspect  ratio  trade,  the  results  of 
which  follow.  The  final  selected  baseline  is  for  AR  • 8.0  and  has  T/Wo  • 0.302 
Wo/S  ■ 170  psf,  and  Wo  ■ 312,663  lb. 
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(S)  Figure  69.  Low-cost  design  chart  (U) 


(S)  Figure  70.  Low-cost  takeoff 
distance  (U) 
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(U)  A summary  of  airplane  characteristics  and  performance  for  the  selected 
low-cost  concept  is  presented  in  Table  14.  Mission  summaries  for  the  strategic 
(design)  mission  as  well  as  theater  and  standoff  missions  are  presented  in 
Tables  IS  through  17. 

(U)  Results  of  sensitivity  trades  for  the  low-cost  concept  are  presented  in 
Fig- ires  71  through  74.  These  trades  were  performed  about  the  baseline  airplane, 
as  .selected  in  the  preceding. 


(S)  TABLE  14.  SELECTED  LOW-COST  CONCEPT 
CHARACTERISTICS  (U) 
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(S)  TABLE  IS.  STRATEGIC  MISSION  SUMMARY  FOR  SBLBCTED  LOW-COST  CONCEPT  (U) 


Ul 

dMiriptlon 

Maliht 

(11) 

Amtuiit 

(it) 

Mm.'! 

W», 

lull 

u*6d 

(lh) 

TIM 

Wifi) 

If 

Tnul 

rinif 

In  dn) 

Initial  trtlilt 

Hi, Ml 

mm* « r.o, 

Ml  ,111 

0 

0,66? 

2,140 

1.00 

0 

0 

cilia 

Ml, (IS 

11, HI 

.144 

1,019 

12,11 

101,1 

101,6 

Crutii 

211,104 

14,191 

,144 

M,IM 

111.49 

1,191.4 

1,000,0 

hmnu 

111,911 

290 

,?20 

19,84? 

126,11 

1,000.4 

4,000.4 

Drop 

146,911 

290 

,?ll) 

0 

n 

0 

4,000.4 

WUhdrau 

111,911 

200 

,109 

21,901 

116,21 

710.1 

4,710,7 

Cl  In# 

111,111 

10, 1M 

, 110 

1,111 

11,21 

110,4 

4,171,1 

Crultt 

116,911 

11,119 

,110 

4,311 

46,?! 

179.6 

1,110.7 

Ifllwr 

114,214 

I) 

, me 

2,611 

10,1)0 

0 

1,210,7 

iMirv. 

me  ,44d 

0 

0 

7,101 

0 

0 

1,210.7 

rum  n»i  • isi.iii  ih 

SECRET 


SECRET 

115‘ 


SECRET 


I’M  ill  f ik’ I • ISu,2l4  Hi 


1ISSION  SUNMARY  FOR  SI 

Altitude 

Mach 

hK>i 

used 

ll'tl 

No, 

lib) 

II 

(l.litl? 

2, 840 

J<>  ,110)1 

,H44 

(i, Mill 

■Vi, 14? 

,*44 

M.SO* 

St>,!4? 

,*44  j 

(1 

*l,17(i 

,«sn 

ill  ,31 1 

0 

, 2Mi 

3, biM 

II 

II 

? ,*04 

SECRET 


(S)  TABLE  17,  STANDOFF  MISSION  SUMMARY  FOR  SELECTED  LOW-COST  CONCEPT  (U) 


1** 

doerlpilm 

ttvinht 

Uhl 

Altitude 

Iftl 

Initial  wnjM 

Ml, Ml* 

Kamup  r,  Till, 
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I’atrnl 
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jo,nn& 

drop 
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Clllti 
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Orulir 
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Ixil  ter 

114,21,1 

0 

Hoarva 

1110,4411 

0 

Intal  fuel  • 116, 


SECRET 

116 


3EWNEI 


30  to  its  tO 

P«y 1 o«d  - 1,000  I b 


(S)  Figure  74,  Low-cost  concept  payload  and  low-altitude  distance  trades.  (U) 
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Low-Cost  Simplistic  Concept  Design  Trades 
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CU)  Figure  7S.  Design  trade  * liquid  hydrogen.  (U) 


(U)  The  most  interesting  design  trade  performed  on  the  low-cost  simplistic 
concept  was  the  application  of  liquid  hydrogen  (Figure  75).  The  following 
values  were  used  to  obtain  the  required  tank  size: 


LH2  - 0.0854  JP 


Heat  value  LH2  - 2.78  HVjp 
2%  additional  HV  required  for  LH2 
Vol  LH2  ■ 4.29  voljp 
WtLH2  " 0,367  ^jp 


Therefore  require 

wLH2  “ 57,330  lb 

Vo1Lh2  ■ 14,937  ft3 


SFCLH2  “ 0,03«67  SFCJP 

(U)  This  requires  two  Dewar  flask  tanks,  each  40  feet  long  and  15  feet  in 
diameter.  In  spite  of  the  greatly  reduced  fuel  weight,  the  increased  drag  and 
structural  deadweight  resulted  in  a 23-percent  increase  in  takeoff  gross  weight. 
This  is  primarily  due  to  the  denseness  of  the  aircraft.  The  baseline  wetted 
area  is  very  low  relative  to  the  gross  weight,  when  compared  to  a transport- 
type  aircraft.  For  this  reason,  an  increase  in  wetted  area  has  a much  larger 
impact  than  in  other  aircraft  which  have  shown  to  benefit  from  the  use  of 
liquid  hydrogen, 
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(U)  Figure  76,  Other  design  trade-Low-Cost-Simplistic.  (U) 


(U)  Figure  76  summarizes  the  other  design  trades  applied  to  the  low-cost 
simplistic  concept.  The  aerodynamic  surface  coatings,  basically  a plastic 
covering,  were  shown  to  have  saved  20,000  pounds  by  their  use  on  the  baseline. 

(U)  Variable  camber  devices  showed  a marginal  payoff  of  3,000  pounds,  This 
would  probably  not  justify  their  complexity, 

(U)  Maneuver  load  control  was  able  to  save  15,000  pounds.  This  is  fairly 
substantial,  especially  since  this  technology  is  close  at  hand.  The  trade 
study  was  run  by  recalculating  structural  weight  with  the  load  factor  reduced 
from  3 to  2 and  then  adding  avionics  weight,  Further  pursuit  of  this  is 
recommended. 

(U)  A variable-cycle  fan  engine  (VCE)  concept  with  a variable  low-pressure 
turbine  and  variable-area  mixer  was  examined  for  use  in  the  minimum-cost 
sirrplistic  baseline.  The  variable-geometry  features  of  this  concept  were 
estimated  to  increase  engine  weight  by  5 percent  relative  to  a fixed-geometry 
engine.  It  was  found  that  takeoff  thrust  could  be  increased  approximately  5 
percent  by  varying  the  geometry  to  reduce  bypass  ratio,  Thus,  no  significant 
improvement  in  engine  thrust- to-weight  ratio. is  expected, 

(U)  Because  the  baseline  engine  for  the  all-subsonic  aircraft  has  a moderately 
high  bypass  ratio  of  1.7,  variable  geometry  does, not  significantly  improve 
subsonic  cruise  and  penetration  specific  fuel  consumption  (SFC) . It  was  found 
that  the  VCE  provided  SFC  reductions  of  1 to  2 percent  relative  to  the  fixed- 
cycle  engine.  This  produced  a weight  savings  of  only  6,000  pounds  which  is 
probably  not  worth  the  complication  of  a variable -cycle  engine. 
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(S)  Figure  77.  Minimum- weight  baseline.  (U} 


MINIMUM- WEIGHT  BASELINE 

(U)  Figure  77  summarizes  the  minimum-weight  baseline.  This  is  a span- loaded 
flying  wing  in  which  fuel  and  payload  are  evenly  distributed  along  the  wing 
for  greatly  reduced  bending  loads.  Each  air-launched  cruise  missile  is  carried 
in  a separate  bomb  bay.  This  breaks  the  natural  wing  torque  box,  requiring  small 
wing  boxes  fore  and  aft  of  the  bomb  bays  which  are  optimized  for  torsional 
rigidity. 

(U)  The  upper  surface  nacelles  are  again  used  for  reduced  landing  gear  height 
and  to  obtain  a favorable  engine /wing  pressure  interference. 

(U)  Unlike  most  spanloader  concepts,  this  one  features  a canard  trimmer  to 
reduce  the  trim  drag  frequently  associated  with  tailless  aircraft.  These 
surfaces  are  canted  downward  sufficiently  to  allow  them  to  be  used  as  direct 
side  force  controls,  alleviating  the  landing  approach  path  control  problem 
typical  of  flying  wings. 

(U)  Winglets  are  used  to  reduce  the  high  induced  drag  associated  with  a low- 
aspect-ratio-constant-chord  design,  which  was  necessary  to  provide  sufficient 
chord  length  to  accommodate  the  payload.  This  drag  reduction  is  by  comparison 
to  the  same  wing  without  winglets. 

The  following  advanced  technologies  are  employed: 

1.  Supercritical  wing 

2.  Aerodynamic  surface  coatings 
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(U)  Figure  78.  Minimum  weight.  (U)  INCLASS  I FI  ED 
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3,  Canard  trimmer 

4,  Winglets 

5,  Composite  wing  boxes 

6,  SPF/DB  titanium  nacelles 

7,  Relaxed  static  stability,  fly-by-wire  (U) 

(U)  Performance  and  sizing  charts  for  the  minimum-weight  concept  are  presented 
in  Figures  80  and  81.  The  selected  baseline  airplane  was  chosen  as  having 
T/Wo  ■ 0,282,  Wo/S  ■ 87,78  psf,  and  Wo  ■ 292,570  lb.  This  selection 
was  influenced  by  the  requirement  that  wing  area  be  no  less  than  the  "as- drawn" 
area  of  3,333  square  feet  needed  to  carry  the  payload  within  the  wing.  If 
that  requirement  could  be  ignored  (i.e.,  if  the  bombers  were  smaller)  both 
W/S  and  T/W  would  be  increased, 

(U)  A summary  of  airplane  characteristics  and  performance  for  the  selected 
minimum-weight  concept  is  presented  in  Table  18.  Mission  summaries  for  the 
strategic  (design)  mission  as  well  as  theater  and  standoff  missions  are 
presented  In  Tables  19  through  21. 

(S)  TABLE  18.  SELECTED  MINIMUM-WEIGHT  CONCEPT  CHARACTERISTICS  (U) 


Tikiaff  iron  wi|ht , lb 

211,170 

Pu»l  w*t|ht,  lb 
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Mini  Hiding,  pit 
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MIS 

Win(  «ip*et  rat lo 

3 

Un|in*  ilia 

,M7 

Stritigie  mlulnn  ring,  , it  ml 

1,210 

Thmtr  million  ridlui,  n ml 

1,014 

Stmdoff  minion  pitrol  tint*,  min 

lilt 

Tikioff  dlitintf,  ft 

1,171 
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(U)  Results  of  sensitivity  trades  for  the  mission  weight  concept  are  presented 
in  Figures  82  through  84.  These  trades  were  performed  about  the  baseline 
airplane  as  selected  in  the  preceding.  Takeoff  distance  requirement  trades 
are  presented  both  with  and  without  the  requirement  that  wing  area  be  no  less 
than  3,333  square  feet., 
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(S)  TABLE  Id*.  STRATEGIC  MISSION  SUMMARY  FOR  SELECTED  MINIMUM-WEIGHT  CONCEPT (U) 


u« 

detoriptlan 

Mltht 

(lb) 

Altitude 

(ft) 

mh 

MS. 

Pv»l 

uifO 

(lb) 

TU» 

liifl) 
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(S)  TABLE  20.  THEATER  MISSION  SUMMARY  FOR  SELECTED  MINIMUM-WEIGHT  CONCEPT  (U) 
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I'uel 
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(S)  TABLE  21.  STANDOFF  MISSION  SUNMARY  FOR  SELECTED  MINIMUM-WEIGHT  CONCEPT  (U) 
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0 
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i*t0 

2,342 

13.6* 
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(U) Figure  84.  Minimum-weight  aspect  ratio  trade. (U) 


(U)  Minimun-Weight  Concept  Design  Trades (U) 
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(U)  Figure  35.  Minimum- weight  baseline  with  rotary  launchers , (U) 
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(U)  The  first  trade  study  on  the  minimum-weight  concept  dealt  with  the  rotary 
launcher  requirement.  Figure  85  shows  this  concept  as  originally  drawn  with 
two  rotary  launchers,  This  concentrated  the  payload,  eliminating  the  spanloader 
advantage,  and  resulted  in  a very  high  takeoff  gross  weight,  It  was  decided 
in  cooperation  with  the  Air  Force  ISADS  program  manager  to  relax  this  require- 
ment for  the  minimum-weight  category,  which  resulted  in  the  span-loaded 
baseline  previously  shown. 
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(U)  Figure  86.  Conformal  weapons  carriage.  (U) 


(U)  As  previously  mentioned,  internal  carriage  of  payload  in  spanloader 
concepts  forces  the  wing  twisting  moments  into  two  small  boxes  rather  than  a 
single,  more  efficient  lsrge  box.  A trade  was  therafore  conducted  in  which 
the  weapons  were  curried  externally,  leaving  a single,  unbroken  wing  box 
(Figure  86).  This  reduced  the  structural  weight,  but  the  increased  drag 
of  the  external  weapons  yielded  a net  weight  increase. 

. 
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Figure  87.  Forward  sweep  design  trade. 
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(U)  Since  the  forward-swept,  cons tent -chord  wing  proved  successful  in  the  low- 
cost  category,  it  was  applied  to  the  spanloader  concept  (Figure  87) . Some 
reduction  was  obtained,  but  it  was  partially  canceled  by  the  loss  of  the 
winglets,  which  had  to  be  moved  inboard  to  retain  the  required  tail  volume. 


(U)  Figure  88.  Ground  effect.  (U) 


(U)  a further  trade  was  conducted  by  the  application  of  ground  effect,  A 
25-foot  altitude  (RMS),  mach  0.55  mission  was  postulated  (Figure  88),  and  the 
minimum-weight  baseline  was  reengined  and  resized.  This  produced  the  extremely 
low  takeoff  gross  weight  of  210,000  pounds,  but,  of  course,  not  for  the  ISADS 
high- low- low- high  mission.  It  was  then  imagined  that  the  partial  use  of 
ground  effect  could  produce  some  proportional  savings.  This  would  allow  the 
aircraft  to  use  ground  effect  over  flat  portions  of  its  mission,  but  rising 
up  for  cruise  over  nonflat  areas.  However,  the  optimal  engine  for  a high- low- 
low-high  mission  is  very  poor  at  mach  0.55  and  25  feet;  therefore,  weight 
actually  rose  with  ground  effect  usages.  This  is  shown  in  Figure  89,  along 
with  the  effect  of  reengining  a 100-percent  ground  effect  aircraft.  Mission 
studies  are  recommended  to  determine  if  the  ground  effect  concept  can  be 
applied  to  a strategic  penetrator. 
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(U)  Figure  89.  Impact  of  occasional  ground  effect  usage.  (U) 
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(U)  Figure  90.  Other  design  trades  minimum  weight.  (U) 

(U)  Figure  90  summarizes  other  design  trades  which  were  applied  to  the  minimum 
weight  baseline,  The  most  interesting  of  these  is  active  laminar  flow  suction. 
Despite  a 10,000-pound  deadweight  penalty  for  the  ducts  and  pumps,  this  trade 
yielded  the  substantial  savings  of  21,000  pounds,  due  to  greatly  reduced  skin 
friction  drag.  This  does  involve  a high  technical  risk  at  the  present,  time, 
primarily  due  to  ingestion,  but  should  be  pursued  further. 

(U)  The  same  variable -cycle  trade  mentioned  in  the  low-cost  trades  was  applied 
to  the  minimum-weight  concept.  This  produced  an  8,000-pound  savings,  which  is 
appreciable,  but  probably  not  worth  the  complexity  of  a variable- cycle  engine. 
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(S)  Figure  91.  Minimum  penetration  time  baseline.  (U) 

MINIMUM  PENETRATION  TIME  BASELINE 

CO  Figure  91  summarizes  the  minimum  penetration  time  baseline.  This  concept 
is  based  on  the  fact  that  at  supersonic  speeds  on  the  deck,  most  of  the  air- 
craft drag  is  due  to  skin  friction  or  wetted  area  drag.  This  concept  minimizes 
wetted  area  at  high  speeds  by  completely  hiding  the  wing  and  riding  on 
supersonic  body  lift. 

(U)  Control  is  provided  by  a canard,  a V-tail,  and  four  2-D  nozzles.  An 
advanced  fly-by-wire  system  is  assumed.  Supine  cockpits  minimize  drag  while 
increasing  pilot  G-tolerance, 

(U)  Four  engines  are  required  to  obtain  the  required  thrust  level.  These  are 
advanced  variable/multiple-cycle  engines.  (Refer  to  "Minimum  Penetration  Time 
Design  Trades,") 

The  following  advanced  technologies  are  employed: 

1,  Surface  coatings 

2,  Variable-3kew  wing 

3,  Variable/multiple- cycle  engine 

4,  2-D  vectorable  nozzles 

5,  SPF/DB  titanium 

6,  Fly-by-wire,  integrated  propulsion  controls 
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(U)  Performance  and  sizing  charts  for  the  minimum  time  penetrator  concept  are 
presented  in  Figures  94  and  95.  The  selected  baseline  airplane  was  chosen 
as  having  T/Wo  - 0.30,  Wo/S  ■ 200  psf , and  Wo  - 551,880  lb. 


(S)  TABLE  22.  SELECTED  HIGH  "Q"  PENETRATOR  CONCEPT  CHARACTERISTICS  (U) 
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(U)  A summary  of  airplane  characteristics  and  performance  for  the  selected 
minimum  time  penetrator  concept  is  presented  in  Table  22,  Mission  summaries 
for  the  strategic  (design)  mission  as  well  as  theater  and  standoff  missions 
are  presented  in  Tables  23  through  25, 

(U)  Results  of  sensitivity  trades  for  this  concept  are  presented  in  Figures  96 
through  99.  These  trades  were  performed  about  the  baseline  airplane  as 
selected  in  the  preceding. 


SECRET 

137 


SECRET 


(S)  TABLE  23. 


(S)  TABLE  24. 


(S)  TABLE  25. 


STRATEGIC  MISSION  SUMMARY  FOR  SELECTED  HIGH  "Q"  PENETRATOR  CONCEPT  (U) 
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STANDOFF  MISSION  SUNMARY  FOR  SELECTED  HIGH  "Q"  PENETRATOR  CONCEPT  (U) 
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THEATER  MISSION  SUNMARY  FOR  SELECTED  HIGH  "Q"  PENETRATOR  CONCEPT  (U) 


U| 

Description 

Weight 

III,, 

Altitude 

(ft) 

hitch 

No, 

Ftl»l 

ui»d 

(lb) 

Tint 

(nin) 

Rings 

(n  mi) 

Total 

rings 

(n  *1) 

Initial  wight 

ill,  lit) 

Wstnup  6 T.J. 

146,191 

0 

II.7II 

4,069 

9,00 

0 

0 

ClUb 

141,411 

30,1110 

.114 

9,410 

S.34 

44.3 

44.3 

Crulxt 

397,334 

10,199 

,610 

114,147 

891.77 

4,903,6 

4,001.1 

Drop 

.107,114 

30,149 

.630 

0 

0 

0 

4,006.6 

Cruli* 

197,411 

43,016 

,113 

109,934 

967.73 

4,600,8 

0,313.0 

Lolttr 

193.746 

u 

,106 

4,00.1 

10.00 

0 

9,311,0 

Rts.rv. 

170,499 

(J 

0 

10,41V 

t) 

0 

J 

9,313,6 

Tutsi  fuel  • .138,411  Ih 
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rdis  “ 5,250  n ml 

T/Wo  ■ 0.J0 
w/o/i  » 200 


!•»•) Int 


(1))  Figure  96.  High  "QH  penetrator  aspect  ratio  trade.  (U) 


PERCENT  CHANGE  OR  DELTA  WEIGHT  11,000  LBS) 


CUD  Figure  97.  i Minimum  penetration  time  design  sensitivities.  (U) 
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Minimum  Penetration  Time  Design  Trades 


(S)  Figure  100.  Design  trade  minimum  penetration  time  concept. (U) 


(U)  It  was  originally  intended  to  use  an  advanced  turbojet  as  the  baseline 
engine  for  this  concept,  with  a variable-cycle  engine  to  be  used  as  a trade 
study.  However,  the  initial  sizing  exercise  quickly  revealed  the  impracticality 
of  this  approach  (Figure  100).  The  turbojet  aircraft  weighs  almost  9 million 
pounds,  which  is  totally  unacceptable.  Therefore,  a variable/multiple-cycle 
engine  comparable  to  the  engine  discussed  in  the  paragraphs  on  low-cost  trades 
was  employed  on  the  baseline, 

(U)  Also,  the  Rockwell  multimode  integrated  propulsion  system  (MIPS)  was 
examined  for  this  aircraft.  A NMIPS  could  provide  SFC  improvements  of 
approximately  3 percent  at  subsonic  cruise  and  at  penetration  relative  to  the 
VCE  baseline.  This  would  be  achieved  by  using  a fan  engine  with  a higher  bypass 
ratio,  approximately  2.S,  sized  for  subsonic  cruise,  and  sizing  the  turbojet 
for  takeoff  and  penetration,  The  NMIPS  weight  would  be  approximately  the  same 
as  the  VCE  baseline  because  the  significantly  higher  takeoff  specific  thrust 
of  the  MIPS  would  allow  smaller  engines,  While  SFC  is  extremely  important  in 
the  minimum  time  penetration  aircraft,  the  modest  improvement  the  MMIPS  offers 
tends  to  be  offset  by  the  complexity  of  the  installation.  Thus,  the  MMIPS  was 
not  analyzed  further. 
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(S)  Figure  101.  Stealth  baseline.  (U) 


STEALTH  BASELINE 

CU)  Figure  101  summarizes  the  stealth  baseline.  This  concept  features  reduced 
radar,  infrared,  and  visual  observables. 

(U)  Radar  cross  section  is  reduced  primarily  by  geometry.  Extensive  use  of 
radar- absorbent  material  (RAM)  is  not  required,  since  the  featureless  flat  top 
reflects  away  any  radar  scanning  from  above.  This  flat  top  is  provided  by  the 
use  of  a supercritical  airfoil, 

CU)  The  flat-wrap  leading  edge  windshields  are  gold  flashed  to  simulate  the 
rest  of  the  wing.  This  leading  edge  is  swept  back  45  degrees  to  reflect  away 
any  radar  scanning  from  the  forward  hemisphere.  Flush  inlets  with  long,  curved 
ducts  totally  hide  the  forward  engine  fact  while  a plug  nozzle  hides  the  aft 
engine  face.  Small  ventral  verticals  use  some  RAM  surface  coatings  to  minimize 
intersection  return, 

(S)  Infrared  signature  is  reduced  by  a slow  penetration  speed  (mach  0.72) 
and  cooled  plug  nozzles, 

(U)  Visual  signature  is  reduced  by  the  lack  of  shadow- causing  features  and  the 
extreme  smallness  of  the  concept.  At  76,7  feet  long,  it  is  only  half  the  size 
of  the  B-l,  This  is  accomplished  by  the  large  internal  volume  available  in  a 
thick,  supercritical  flying  delta  wing. 
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The  following  advanced  technologies  are  employed: 

1.  Supercritical  wing 

2.  Aerodynamic  surface  coatings 

3.  Advanced  composites 

4.  SPF/DB  titanium 

5.  RAM,  canopy  gold  flashing 

6.  Cooled-plug  2-D  nozzle 

7.  Fly-by-wire,  relaxed  static  stability  (U) 

(U)  Performance  and  sizing  charts  for  the  stealth  concept  are  presented  in 
Figures  104  and  105.  The  selected  baseline  airplane  was  chosen  as  having 
T/Wo  - 0.33,  Wo/S  - 92  psf,  and  Wo  - 302,396  lb. 

(U)  A summary  of  airplane  characteristics  and  performance  for  the  selected 
stealth  concept  is  presented  in  Table  26.  Mission  summaries  for  the  strategic 
(design)  mission  as  well  as  theater  and  standoff  missions  are  presented  in 
Tables  27  through  29. 


(S)  TABLE  26.  SELECTED  STEALTH  CONCEPT  CHARACTERISTICS  (U) 


Takeoff  iron  weight,  lb 

302,306 

Fuel  weight,  lb 

104,112 

Wing  loading , par 

Thmat-to-walght 

,13 

Wing  area,  iq  ft 

3,28? 

Wing  aspect  ratio 

2.0 

(inline  a 1st 

.mi 

Strategic  mjetor  range,  it  mt 

5,2911 

nteater  im anon  radiua,  n ml 

, * 1 * 

standoff  ml ia ion  patrol  time,  min 

Takeoff  til  etwee,  ft 

? ‘.'a r 
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(S)  Figure  104. 
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(S)  TABLE  27.  STRATEGIC  MISSION  SUNMARY  FOR  SELECTED  STEALTH  CONCEPT  (U) 


Tim 

(min) 

Kang* 
(n  min) 

Total 
r angt 
'n  min) 

s. on 

0 

0 

&. 42 

t>8,  S 

68. S 

34S.bG 

2,831.6 

3,000.1 

126.24 

1,001.4 

4,001. S 

0 

01 

4,001.3 

136.34 

753.0 

4,712.1 

8,64 

68.8 

4,121.4 

S3, OS 

431.1 

8,232. S 

30.00 

0 

5.252.S 

0 

0 

S.2S2.S 

Total  fual  • 164,812  lb 
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(S)  TABLE  28  .•  THEATER  MISSION  SIMIARY  FOR  SELECTED  STEALTH  CONCEPT  (U) 


Ug 

description 


Initial  weight 

Warmup  5 T.O. 

Climb 

Cruiie 

Di’op 

Cruisa 

Loiter 

Reserve 


Total  fuel  * 164,882  lb 


Altitude 

Cft) 

Mach 

No. 

Fuel 

used 

ClbJ 

Time 

(min) 

Range 

(n  min) 

Total 
range 
(n  min) 

0 

0.705 

3,002 

S.OO 

0 

0 

22,201 

.850 

4,445 

8.42 

68.5 

68.5 

32,062 

.850 

94,511 

435.30 

3,678.8 

3,747.3 

37,124 

.850 

0 

0 

0 

3,747.3 

48,303 

.850 

51,850 

461.17 

3,747.3 

7,494.6 

0 

.290 

2,835 

30.00 

0 

7,494.6 

0 

0 

8,239 

0 

0 

7,494.6 

(S)  TABLE  29. 
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STANDOFF  MISSION  SUMMARY  FOR  SELECTED  STEALTH  CONCEPT  (U) 


Altituda 

1ft) 


Mach 

No. 

Fual 

usatl 

(lb) 

Tima 

(min) 

0.705 

'3,1)02 

5.00 

. 850 

4,445 

8.42 

,850 

66,143 

285.65 

.582 

46,648 

2 B0, 92 

.382 

0 

0 

,350 

1,748 

5,61 

,850 

31,811 

302,11 

.280 

2,635 

30.1)0 

0 

8,249 

0 

Total  fual  • 164,882  lb 
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UNCLASSIFIED 

(U)  Results  of  sensitivity  trades  for  the  stealth  concept  are  presented  in 
Figures  106  through  108,  These  trades  were  performed  about  the  baseline  airplane 
as  selected  in  the  preceding. 


(U)  Figure  107.  Stealthy  concept  design  trades.  (U) 
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Stealth  Concept  Design  Trades 


(U)  The  most  interesting  trade  study  on  the  stealth  concept  was  a totally 
nuclear-powered  configuration. 


(U)  This  nuclear  aircraft  would  have  enough  fuel  for  the  reactor  to  perform 
extremely  long  endurance  missions.  Any  combination  of  altitude  and  mach 
number  within  the  thrust  and  structural  limitations  of  the  aircraft  could  be 
continued  indefinitely.  This  would  greatly  increase  the  flexibility  in  the 
choice  of  missions  and  also  allow  the  flight  crew  during  a given  mission  to 
modify  the  mission  profile,  as  required.  Flight  to  and  from  the  target  area 
could  follow  a highly  evasive  course.  High-speed  missions  at  low  altitude 
which  normally  are  fuel-limited  could  be  conducted  for  indefinite  periods. 
The  aircraft  would  fly  at  a constant  gross  weight  which  permits  superior 
optimization  of  aircraft  parameters. 
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(U)  Figure  109.  Nuclear  powered  stealthy. (U) 
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(U)  Figure  109  summarizes  the  four  nuclear  engines  considered  and  diagrams 
their  installation.  Note  that  the  crew  shield  extends  all  around  the  crew  via 
shielding  in  the  aircraft  skin,  not  shown. 

(U)  An  in-depth  discussion  of  the  nuclear  engines  used  is  contained  in 
Appendix  E.  Basically,  all  are  indirect-cycle  nuclear  turbofans  using  high- 
pressure  helium  as  the  heat  transfer  medium.  They  differ  according  to 
allowable  radiation  exposure  dose  rates  and  the  use  of  ground* augmented  (or 
removable)  shielding. 

(U)  As  evident  by  the  indicated  takeoff  weights,  these  concepts  are  within 
reason.  Engine  concept  2 provides  a very  reasonable  takeoff  weight  at  a very 
low  radiation  dose  rate,  and  the  required  ground  shield  handling  truck  just 
replaces  the  unneeded  fuel  truck. 

(U)  However,  it  must  be  realized  that  the  decision  to  build  a nuclear-powered 
aircraft  will  be  primarily  political.  The  goal  is  to  build  a strategic  system 
which  will  deter  aggression,  and  that  requires  that  the  system  be  built. 
Therefore,  this  approach  is  not  recommended  unless  it  can  be  shown  to  be  the 
only  viable  one,  or  overwhelmingly  the  most  cost-effective  solution. 
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(U)  Figure  110.  Other  design  trades  stealthy. (U) 


Figure  110  shows  the  additional  trade  studies  which  were  performed  on  the 
stealth  baseline.  As  before,  the  surface  coatings  saved  about  20,000  pounds. 
Active  laminar  flow  suction,  despite  a 10,000-pound  deadweight  penalty,  saved 
25,000  pounds,  The  variable -cycle  engine  installation  only  saved  9,000  pounds. 
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(S)  figure  111.  Defense  laser  baseline.  (U) 

LASER  DEFENSE  BASELINE 

(S)  Figure  111  summarizes  the  defensive  laser  baseline  concept.  The  laser  is 
a 1.5-megawatt  EDL  system  capable  of  60,  2-second  bursts.  The  device,  pro- 
jector, tank  farm,  and  electronics  weight  16,000  pounds,  which  is  based  on 
projecting  today’s  technology  to  the  year  1995,  The  projector  is  in  the  very 
aft  end  of  the  aircraft  to  provide  easy  access  and  a good  field  of  fire.  The 
turret  is  on  a pop- through  mounting  so  that  it  can  cover  almost  a 360-degi'ee 
sphere. 

(U)  The  aircraft  uses  four  small  engines  to  reduce  blockage  of  the  field  of 
fire  and  has  2-D  nozzles  for  pitch  trim  and  control.  Winglets  provide 
directional  stability  while  reducing  drag. 

The  following  advanced  technologies  are  employed: 

1,  Supercritical  wing 

2.  Aerodynamic  surface  coatings 

3,  Winglets 

4.  Composites 

5,  SPF/DB  titanium 

6.  Relaxed  static  stability,  fly-by-wire 


SECRET 

153 


jb./.c  r*/r  • i 
v 


Of  s**c*itf 


to? 


\ 


r6Y* 


//Ur- 


60 


L. 

A 


//.  s//.  *sa 


i 

i 


0 


— rtt»er  c*r*f  <- 

r i 


— M rAPOff  &>r 


SECRET 


(U)  Performance  and  sizing  charts  for  the  laser  defense  concept  are  presented 
in  Figures  114  and  115,  The  selected  baseline  airplane  was  chosen  as  having 
T/Wo  ■ 0.324,  IVo/S  - 101. S psf,  and  Wo  « 340,808  lb. 


(S)  Figure  115.  Laser  defense  takeoff  distance.  (U) 
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(U)  A summary  of  airplane  characteristics  and  performance  for  the  selected 
laser  defense  concept  is  presented  in  Table  30.  Mission  summaries  for  the 
strategic  (design)  mission  as  well  as  theater  and  standoff  missions  are 
presented  in  Tables  31  through  33. 

(S)  TABLE  30.  SELECTED  LASER  DEFENSE  CONCEPT  CHARACTERISTICS  (U) 


Takeoff  gross  weight , lit 

341),  HO* 

fuel  weight,  ll> 

l6»,?|g 

King  loading,  psf 

Thrust*to-Kclght 

.Sid 

King  urea.  Kg  ft 

3,35* 

King  aspect  ratio 

4,0 

linglne  site 

. 4hO 

Strategic  mission  range,  n ml 

S,3Sn 

Theater  mission  radius,  n mi 

M2T 

Standoff  mission  patrol  time,  min 

Takeoff  cliHtMna'g  ft 

5,  PSP 
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(U)  Results  of  sensitivity  trades  for  the  laser  defense  concept  are  presented 
in  Figures  116  through  128.  These  trades  were  performed  about  the  baseline 
airplane  as  selected  in  the  preceding. 

(S)  TABLE  31.  STRATEGIC  MISSION  SUNMARY  FOR  SELECTED  LASER  DEFENSE  CONCEPT  ftj) 


K| 

Osicrlprlor 

Haight 

(lhj 

Altitude 

(ft) 

Mach 

He, 

fuel 

uaad 

lib) 

Tima 

(mini 

Range 

in  mlnj 

Total 

range 

(n  min) 

Initial  walght 
Karmup  « T.O, 

140,101 

337,499 

n 

0,973 

3,131 

1.00 

0 

0 

Climb 

111, Ml 

31,913 

,144 

1,(71 

11.13 

!*•  A 

19.9 

Crutae 

310,390 

34,110 

.144 

73,311 

353,14 

3,910.4 

5,000.0 

fanetrata 

311,919 

300 

.730 

43,943 

139,14 

1,000,1 

4,000.3 

Prop 

1U,HI 

3V0 

.730 

0 

■ 0 

0 

4,000.1 

Klthdiw 

141,113 

300 

.100 

34,109 

136,35 

710,4 

4,710.9 

CUati 

137,797 

47,100 

.110 

3,711 

10  91 

19,1 

4,137.7 

Crnlia 

113,919 

41,910 

.110 

1,111 

30,19 

411.3 

3.339.9 

fl 

.394 

3,047 

3,330.9 

..  o. 

0 

1,471 

H 

3,339.9 

Total  fuel  • lit. 

711  lb 
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(S)  TABLE  32.  THEATER  MISSION  SUMMARY  FOR  SELECTED  LASER  DEFENSE  CONCEPT.  (U) 


L«g  Weight 

description  (ib) 


540,803 
537,436 
531,613 
239,553 
189,  SS8 
132,616 
129,569 
121,090 


Total  fuel  ■ 169,718  lb 


Altitude 

(ft) 


Time  Range 

(min) . (n  min) 


Total 

range 

(n  min) 


0 

89.6 
3,927. 
3,927. 
7,854.2 
7,854.2 
7,854.2 
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(S)  TABLE  33.  STANDOFF  MISSION  SUMMARY  FOR  SELECTED  LASER  DEFENSE  CONCEPT  (U) 


Initial  weight  340, 

Warmup  3 T.O.  337, 

Climb  331, 

Cruise  170, 

Patrol  218, 

Drop  108 , 

Climb  165, 

Cruise  132, 

l.oltsr  120, 

Roeerve  121, 


Total  fuel  • 169,718  lb 


Weight 

(lb) 

Altitude 

(ft) 

Mach 

No, 

340,308 

337,486 

0 

0.672 

331,613 

28,952 

.844 

270,573 

33,376 

.644 

218,482 

19,980 

.560 

168,482 

19,980 

.560 

T.0.0.W, 
(LBS..  ]80 


Roes  • J.2J0  m 

T/W  • .524 
W/S  • 101.5 


o 

<9,6 

2.500.0 

2.500.0 

2.500.0 
2,567.7 
5,000.0 
5,000.0 
5,000.0 
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PMC  ENT  CHANG!  0!  DCITA  WEIGHT  11,000  IIS.  I 

(U)  Figure  116.  Laser  defense  concept  design  trades.  (U) 

RET 
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(S)  Figure  117.  Laser  defense  concept  mission  trades.  (U) 


(U)  Figure  118.  Laser  defense  aspect  ratio  trade.  (U) 


Laser  Defense  Concept  Design  Trades 

(U)  No  specific  trade  studies  were  conducted  on  the  laser  defense  concept. 

Note  that  allowances  for  laser  systems  weighing  other  than  16,000  pounds  can 
be  made  by  reading  the  gross  weight  as  a function  nf  change  in  deadweight  in 
Figure  116. 

(U)  Also  note  in  the  same  figure  that  removing  the  laser  entirely  (delta 
weight  ■ -16,000  pounds)  produces  a takeoff  weight  of  about  280,000  pounds. 

This  is  less  thin  the  weight  of  the  minimum  weight  concept  and  is  due  to  the 
use  of  four  rather  than  two  engines.  This  reduces  the  total  excess  thrust 
carried  to  allow  one  engine-out  performance,  which,  in  turn,  improves  the  total 
cruise  fuel  consumption,  However,  this  increases  cost  and  complexity.  For  this 
reason,  an  engine  number  trade  study  is  recommended  for  follow-on  work. 
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Section  IV 
COST  STUDIES 


(U)  Life  cycle  costing  (LCC) , which  encompasses  development,  production, 
support  investment,  and  operations  and  support  costs,  has  become  an  integral 
part  of  system  programs  at  all  levels  of  development.  Inclusion  of  LCC  in 
the  ISADS  program  at  this  conceptual  design  level  has  contributed  signifi- 
cantly to  the  value  of  the  study.  In  addition  to  providing  a common  denomi- 
nator for  comparing  configurations  and  supporting  trades,  LCC’s  were  used  as 
a design  parameter  for  identifying  cost  drivers  and  as  a first-order  design- 
to-cost  goal  for  the  next -gene rat ion  strategic  penetrating  bomber. 

(U)  LCC  estimates  were  prepared  for  each  final  design  configuration  in 
accordance  with  a set  of  costing  guidelines,  as  follows: 

1.  All  costs  are  in  constant  FY  1977  dollars  without  allowance  for 
future  escalation  or  inflation. 

2.  There  are  four  flight  test  airplanes,  with  any  other  airplanes 
used  in  flight  test  being  refurbished  and  becoming  production 
articles.  There  are  200  production  airplanes. 

3.  LCC's  are  calculated  for  15  years.  There  are  15  unit  equip- 
ment (UE)  per  squadron  and  400  flying  hours  per  UE  per  year. 

Only  peacetime  costs  are  considered. 

4.  Fuel  costs  are  $0.44  per  gallon,  and  the  sensitivity  of  LCC 
to  50-  and  100-percent  increases  in  fuel  cost  is  shown. 

(U)  The  LCC  of  the  configuration  was  developed  using  three  costing  models 
that  address  research,  development,  test,  and  evaluation  (RDT5E);  production 
(PCM);  and  operation  and  support  (FC0ST),  The  RDT§E  model  uses  cost- 
estimating relationships  (CER)  for  engineering,  fabrication,  and  test  to  cal- 
culate all  of  the  costs  for  this  portion  of  the  total  LCC,  The  PCM  is  a 
statistical/parametric  model  used  to  develop  production  costs  for  advanced 
aircraft  systems  where  only  general  weight,  geometric  characteristics, 
material,  and  fabrications  process  data  are  available,  Both  the  RDTflE  and 
the  PCM  incorporate  equations  similar  to  those  developed  by  Rand  to  estimate 
respective  propulsion  costs.  The  FCOST  model  uses  CER's  based  on  similar 
operational  aircraft  to  calculate  the  operation  and  support  cost  of  the  air- 
craft force  over  a specified  period  of  years,  It  also  adds  all  costs  for 
the  total  LCC  summary  when  so  directed.  The  costing  models  were  validated 
using  the  B-l  as  a source  of  input,  including  the  240  aircraft  buy  size.  The 
output  values  forthe  B-l  are  given  in  Table  34  together  with  the  June  1977 
System  Acquisition  Report  (SAR)  values  for  comparison. 
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(U)  Certain  B-l  program  cost  data  were  used  directly  or  as  a basis  for 
developing  portions  of  the  ISAD  design  LCC  estimates.  Specifically,  in  the 
RDTSE  those  costs  allocated  to  the  B-l  for  advanced  development  tasks,  pro- 
gram development  tasks,  and  other  government  costs  are  not  generated  in  the 
costing  model.  These  costs,  assumed  equal  to  those  for  the  B-l,  have  been 
added  to  RDTSE  for  all  configurations  under  the  heading  of  "other." 

(U)  The  PCM  accounts  for  recurring  and  nonrecurring  costs  as  they  apply  to 
the  airframe  and  its  associated  systems,  with  the  exception  of  propulsion 
and  avionics.  Therefore,  the  B-l  costs  for  nonrecurring  and  for  sustaining 
engineering  on  these  two  systems  have  been  included  in  the  unit  flyaway  cost 
category,  "other,"  for  each  of  the  five  configurations, 

(U)  The  cost  of  the  laser  that  is  carried  on  the  laser  defense  configuration 
was  not  included  in  the  cost  of  that  aircraft.  This  decision  was  based  on 
the  uncertainty  surrounding  laser  design,  the  technology  improvements  that 
would  be  difficult  to  include  in  the  RDT§E  costs,  and  the  stated  objective 
of  the  study  which  is  directed  at  the  technologies  of  aircraft  aerodynamics 
and  innovative  design. 

(U)  Calculations  for  the  15-year  operation  and  support  (O^S)  costs  generally 
were  based  on  B-l  values,  as  follows.  A ratio  of  the  unit  flyaway  cost  of 
each  configuration  to  the  B-l  was  used  to  develop  the  annual  values  for  depot 
maintenance  (both  cost  per  UE  and  cost  per  flying  hour),  the  cost  of  common 
operational  support  equipment  (OSE),  and  the  cost  of  replenishment  spares, 

The  base  material  cost  of  the  B-l  was  used  as  a constant  for  all  configurations. 
Maintenance  man-hours  required  per  flight  hour  for  the  B-l  were  adjusted  for 
each  configuration  according  to  recognizable  differences  in  the  quantities  or 
types  of  systems.  These  were  used  by  the  model  to  calculate  manning  and  related 
requirements , The  avionics  RDTSE  and  production  costs  used  for'  the  five  config- 
urations were  based  on  the  avionics  costs  of  the  B-l,  The  assumption  was  made' 
that  improved  capabilities  would  be  required  for  the  ISADS  avionics  that  would 
require  a comparable  expenditure.  Adjustments  were  made  for  the  avionics  costs 
of  two  configurations.  The  high  penetration  speed  of  the  "Minimum  Penetration 
Time"  configuration  was  assumed  sufficient  to  eliminate  the  need  for  ECM  in  the 
rear  quadrant,  and  the  cost  was  changed  accordingly.  The  "Laser  Defense"  con- 
figuration avionics  costs  were  increased  in  proportion  to  the  additional  weight 
required  for  the  laser  fire  control  avionics. 

(U)  A summary  of  the  more  significant  of  the  costs  generated  by  these  models 
is  given  in  Table  34,  The  empty  weight  values  of  the  five  are  also  given  at 
the  bottom  of  each  column,  together  with  a ratio  of  the  configuration  empty 
weight  to  the  B-l  empty  weight.  These  added  data  were  considered  important 
in  answering  the  obvious  question , "why  are  these  unit  flyaway  costs. so  low 
compared  with  the  cost  of  the  B-l?"  which  would  be  approximately  $60.5  m for  an 
equivalent  200-unit  buy  size.  The  answer  is  that  weight  is  the  prime  cost 
driver,  and  the  ISADS  designs  are  generally  lower  weight  than  the  B-l.  This 
fact  is  reflected  in  the  final  line  on  Table  34  where  a flyaway  cost  ratio  of 
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the  ISADS  configurations  to  the  200-buy  B-l  ($60.5  m)  indicates  the  same  gen- 
eral relationship  as  the  weight  ratios.  The  complete  set  of  costs  for  the 
five  configurations  that  were  generated  by  the  cost  models  have  been  included 
as  Appendix  F to  this  report.  (U) 

(U)  The  impact  of  the  simplistic  aspects  of  the  low-cost  design  (viz,  constant 
chord  and  rib  shape  for  the  wing  and  canard  and  the  constant  fuselage  frame 
section  for  over  50  percent  of  the  length)  was  reflected  in  the  acquisition 
costs.  Data  were  extracted  from  the  PCM  output  and  used  to  develop  a break- 
down of  the  various  costs  of  the  vehicle,  as  shown  in  Figure  119.  The  left 
column  is  according  to  the  WBS  format.  The  middle  column  aggregates  costs 
differently  so  that  costs  that  could  be  affected  by  the  simplistic  design 
could  be  assessed.  The  right  column  is  a breakdown  of  the  manufacturing 
labor  costs,  normalized,  as  they  apply  to  the  various  parts  of  the  aircraft. 

As  shown,  the  hours  attributable  to  the  fuselage  are  the  largest  for  structure. 
Consider  that  while  the  shape  of  the  fuselage  frames  at  different  stations 
might  be  the  same,  the  number,  and  therefore  the  amount,  of  handling  and 
manufacturing  tasks  remain  almost  the  same  as  for  a nonuniform  fuselage.  Even 
if  a savings  of  10  percent  is  realized  in  the  fuselage  manufacturing  labor 
costs,  the  change  to  the  unit  cost  will  be  less  than  1 percent.  The  point 
here  is  that  simplifying  the  design  will  help  lower  the  cost,  but  there  are 
other  considerations  beyond  the  scope  of  this  study  that  may  be  more  signi* 
ficant.  (U) 


(U)  TABLE  34.  COST  METHOD  VALIDATION  AND  ISADS  CONFIGURATION 
COST  BREAKDOWN  (1977  $ M)  (U) 
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(U)  Figure  119.  Air  vehicle  cost  breakdown  (low-cost  configuration)  (U) 

(U)  Another  examination  of  the  low-cost  configuration  considered  the  impact 
of  using  aluminum  instead  of  titanium  in  all  but  the  hot  section  of  the 
nacelles.  Figure  120  depicts  the  change  in  the  structural  cost  brought  about 
by  this  change  in  material,  It  amounts  to  about  4 percent.  Equal  weights 
of  both  materials  were  assumed. 


STRUCTURE  COST 
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(U)  Figure  120,  Material  trade  (low-cost  configuration).  (U) 

(U)  A sensitivity  analysis  was  conducted  to  determine  how  changes  to  the 
performance  requirements  would  affect  aircraft  weight  and,  therefore,  cost. 
The  low-cost  and  minimum-penetration-time  configurations  were  examined,  and 
the  results  were  compared  in  terms  of  relative  performance  versus  relative 
coat.  The  advanced  design  sizing  model  was  used  to  develop  changes  to  the 
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weight  of  the  aircraft  as  a function  of  changes  to  the  payload,  penetration 
distance,  and  penetration  mach  number.  The  results  of  this  analysis  are 
depicted  on  Figures  121  and  122  for  the  two  configurations.  It  should  be  rec 
ognized  that  the  curves  reflect  the  trends  rather  than  absolute  relationships 
because  the  configuration  designs  were  not  optimized  for  the  differences; 
rather  the  aircraft  were  grown  or  shrunk  according  to  the  performance  para- 
meters. Figure  123  compares  the  cost-performance  trend  of  the  two  configura- 
tions for  the  penetration  distance  variable,  where  the  higher  speed  aircraft 
is  more  seriously  affected.  (U) 


(U) Figure  121.  Cost  versus  performance  (U) Figure  122,  Cost  versus  performance 

(low-cost  variation) .(U)  (minimum  penetration  variation). 


(U)  Figure  123.  Air  vehicle  performance  versus  cost  comparison 
(penetration  distance  variable) . (U) 

(U)  Consideration  of  these  trends  of  cost-performance  relationships  points 
out  that  the  operational  requirements  that  are  imposed  on  a design  have  great 
impacts  on  the  final  cost  of  the  aircraft.  Competent  contractors  exercise 
control  where  feasible,  but  the  percentage  margin  they  have  to  work  with  is 
not  very  large.  This  is  illustrated  by  the  relatively  small  span  of  unit 
flyaway  costs  suimarized  in  Table  34. 
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FUEL  COST  IMPACT 

(U)  One  of  the  requirements  of  the  study  was  to  determine  the  impact  of  fuel 
cost  on  LCC,  assuming  a fuel  cost  of  $0.44  per  gallon  as  well  as  values  50  and 
100  percent  higher.  The  results  of  this  analysis  are  shown  in  Figure  124,  When 
the  fuel  costs  for  15  years  of  operations  are  compared  with  total  0$S  costs,  the 
percentages  range  from  14.2  percent  at  the  low  end  of  the  laser  defense  line 
to  39.2  percent  at  the  upper  limit  of  the  minimum  penetration  line.  Such  a 
large  cost  factor  must  be  carefully  considered  in  future  aircraft  studies. 


(U)  Figure  124.  Fuel  cost  impact  on  LCC.  (U) 
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Section  V 


PROGRAM  PLANNING 


INTRODUCTION  AND  SUMARY 

(U)  The  program  plan  portion  of  the  ISADS  final  report  is  divided  into  three 
sections.  The  first  section,  "Advance  Technology  Schedules,"  includes  back- 
ground material  relating  to  all  advance  technology  subjects  considered  in  the 
ISADS  program  planning  task.  It  also  includes  "lead-in"  program  schedules  for 
selected  advance  technologies. 

(U)  The  second  section,  "Master  Program  Schedules  - Technology  Advancement/ 
Configuration  Definition,"  contains  summary  schedules  which  depict  the  mile- 
stones, activities,  and  time  required  for  each  of  the  five  ISADS  design  con- 
cepts, from  the  present  time  to  RDT§E  go-ahead. 

(U)  The  third  section,  "Master  Program  Schedules  - RDTSE/Production," 
includes  detail  schedules  which  highlight  the  milestones,  major  activities, 
and  time  required  for  each  of  the  five  concepts,  from  RDT^E  gc  ahead  through 
delivery  of  the  final  production  aircraft. 

(U)  Figure  125  summarizes  the  considerations  followed  by  Rockwell  in 
establishing  the  ISADS  program  plan. 

(U)  Figure  126  summarizes  the  total  program  schedules  for  the  five  baselines. 


ADVANCE  TECHNOLOGY  SCHEDULES 


(U)  The  50  advance  technology  subjects  considered  in  the  ISADS  progtSM® 
planning  task  are  listed  in  Table  35.  Category  A items  are  recommended  as 
separately  funded  advance  technology  lead-in  programs  which  should  be  sub- 
stantially completed  prior  to  Milestone  II.  Some  category  A items  are  follow 
on  efforts  to  ongoing  research  programs.  Lead-in  programs  are  not  required 
for  Category  B items.  In  these  cases,  it  is  estimated  that  sufficient  time 
will  be  available  to  explore  the  required  technology  concurrent  with  applic- 
able full-scale  engineering  development  programs. 
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(U)  Figure  12S.  lew  diagram  - ISADS  technical  advance  schedule  relationship 
to  IX®  directives  SOOD.1/2  milestones.  (U) 
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(U)  Figure  126.  ISADS  %ster  Program  Schedule  Summaries.  (U) 


UNCLASSIFIED 


UNCLASSIFIED 


(U)  Table  35. 

ISADS  TECHNOLOGIES  (U) 


Number 

Technology 

Category 

Propul*  loti 

101 

Currant  engine 

B 

102 

Variable-cycle  engine 

A 

103 

Multimodo  integrated  propulsion  system 

A 

104 

Nuclear 

A 

105 

Advanced  conventional  engine 

A 

106 

Tlirbo  prop 

B 

107 

Ratio 

B 

Fuels 

104 

Ul2 

A 

too 

110 

Slush  H? 
JP  (Adv) 

B 

a 

111 

Shelldyne 

B 

No  x ties 

112 

Nonoxial  nottlei 

B 

Controls 

201 

Integrated  propulsion  controls 

3 

202 

J-D  vectorahle 

A 

203 

Structural  mode  controls 

B 

204 

Relaxed  static  stability 

B 

205 

Mansuvsr  load  control 

B 

20b 

Active  flutter  suppression 

B 

207 

dust  alleviation 

B 

208 

Ply  by  wire 

11 

Aerodynamics 

Ml 

Boundary  layer  control 

B 

302 

Surface  coatings 

A 

303 

Advanced  supercritical  wing 

n 

304 

Nonplanar  wing 

B 

303 

Advanced  variable  camber 

B 

30b 

Caplanar  wing 

A 

307 

Blended  wing -body 

B 

304 

Porwenl  wing  sweep 

A 

309 

Skewed  wing 

A 

310 

Variable  sweep 

B 

311 

Cround  effect 

A 

Structuree/meterluls 

401-1 

Advanced  composites 

A 

401-2 

Advanced  compos Itos 

A 

401-3 

Advanced  composites 

A 

402-1 

Metallic  material 

A 

402-2 

Metallic  material 

A 

402-3 

Metallic  material 

A 

403 

Metal  matrix 

A 

404 

Aeroelustlc  tailoring 

A 

403 

Near-net  diffusion  bonding 

B 

40b 

Superplaitlc  foimingAi if fusion  bonding 

A 

407 

Periodic  slot  array  radome 

A 

bow  observables 

SOI 

Planar  retreating  surfaces 

B 

S02 

tlngins  face  obscuration  devices 

A 

303 

Cooled  plug  nosales 

A 

S04 

Paints  and  coatings 

B 

503 

PI  11- In  lights 

B 

50b 

Sealing  and  handing 

B 

307 

Metallic  flushing  on  cockpit  glass 

B 

304 

m UNCLASSIFIED 

A 

UNCLASSIFIED 


169 


UNCLASSIFIED 

(U)  The  applicability  of  Category  A items  to  the  five  ISADS  conceptual  designs 
is  listed  in  Table  36. 

(U)  TABLE  36.  TECHNOLOGY  APPLICATIONS  (U) 
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(U)  The  items  listed  as  "not  applicable"  were  examined  for  broad  potential 
application  to  ISADS,  but  they  do  not  specifically  apply  to  any  of  the  five 
conceptual  designs  presented  by  Rockwell  in  this  report.  Appendix  G details 
the  schedules  which  were  developed  for  Category  A items.  Each  schedule  con- 
tains an  entry  designated  "input  to  TAA"  (technology  assessment  annex) . The 
TAA  is  defined  in  DOD  Directive  5000,1  as  "a  one  page  description  of  tech- 
nological risks  remaining  in  a system  program  and  the  plans  to  address  these 
risks."  The  TAA  is  a key  element  in  the  decisionmaking  process  at  Milestones 
I and  II.  In  some  cases  (i.e,  item  104,  Nuclear  Engines),  the  "Input  to  TAA" 
milestone  is  followed  by  Milestone  I and  a demonstration  and  validation 
program.  In  other  cases  (i.e.  item  102,  Advanced  Conventional  Engine),  the 
option  of  proceeding  either  to  Milestone  I or  directly  to  Milestone  II  is 
left  open,  In  these  cases,  the  decision  will  rest  upon  the  degree  of  pro- 
gram progress  up  to  that  point  in  time, 
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L3  «°^!n  haJ  assumed  that  the  requirement  for  a demonstration  and  vali- 

? WJfld  be  bypasa8d  £or  th®  purpose  for  establishing  schedule  re- 

^ t0  RDT9E*  The  rational  for  this  assumption  is  docu- 
mented in  the  following  paragraphs, 

.MASTER  PROGRAM  SCHEDLfLES-TECHNOLOGY  ADVANCEMENT/CONFIGURATION  DEFINITION! 

(U)  Separate  schedules  (appendix  I)  have  been  established  to  depict  the 
nues tones,  activities,  and  time  required  for  each  of  the  five  ISADS  design 

the  enfnf  ? Ef®sent  *im*,t0  ^ io-shad.  The  time  period  betwe^ 

5°  °x(3tl"S  ^ (30  June  1978)  md  th.  avalUbillty  of  fundT 

SolSbiliiv  S tLnff * k th  4d',|m«d  ptogr«ns  h.ving  future 

a?SA?  h be?n  Se^  aside  for  Alr  Forc®  actions.  These 
actions  include  Ai.r  Force  review  of  ISADS  final  reports,  solicitation  of 

^ «t,XEr0P°S!1S  £°r  selected  advanced  technology  programs  and  ISADS  follow- 
on  studies,  contractor  proposal  preparation,  and  contract  negotiations  Those 

lead‘in  Pro8ram  schedules  which  have  application  to  spe- 

C°nS?tS  h?V®  been  summarized  for  inclusion  into  the  master 
program  schedules.  The  technology  program  which  requires  the  longest  time  for 
documentation  of  successful  achievements  into  the  TAA  establishes  the  critical 

Sedl  5 S°'ahe“il  ™S  Pith  iS  "!>"•«**  th.  dot»5  !lS  on 

(IJ]  The  ongoing  programs  related  to  SPF/DB  are  documentated  in  Metallic 

Tfiese  programs  Inci  Jjublished  by  the  Air  Force  Materials  Laboratory  (AFML). 
vnnr^  nf  T * CUr!ent  c0ntract3  applicable  to  build  up  low-cost  ad- 
vanced  titanium  structure  (BLATS),  and  limits  of  process.  Other  SF/DB  pro- 

fr®irlthe  ^vanced  Piling  stages  include  a NASA-sponsoredP 
subsonic  cruise  aircraft  research  (SCAR)  structural  development  program  and 
Air  Force  studies  related  to  skin  design,  hardware  validation  for  ATF  in- 
novative low-cost  tooling,  and  size  scaleup.  All  of  the  aforementioned  pro- 

“mpJement  ^ 3UPP°rt  th«  Rockwell  identified  SF/DB  program  for 
titanium  reduction  to  practice  and  the  establishment  of  a design  manual.  NASA 

“Jd  ^ai!3"®  95°m?rin8  lndus*try  md  In-bouse  efforts  related  to  2-D 

Sr^cJiref  thm!?  ^ 2Sn°nSH°r®d  expected  pro*rams  ttre  d«vot0d 

mdu  'D  wd8®  r#s#trch*  «oling  studies,  and  wind  tunnel 
testing.  APL  and  FDL  have  ongoing  programs  covering  aircraft  propulsion 
system  integration  (APSI)  wind  tunnel  tests  and  installed  turbine  enaine 
survivability  criteria  (ITESC)  static  tests.  Ir,  RdditiJn,  APL  il  pWna 
progranw  for  APSI  full-scale  demonstration,  IR/RL’S  reduction  models^  wd  * 
full-scale  static  tests.  All  of  these  programs  will  dovataii  infn  n_,i, 
well  identified  2-D  vectorable  nozzle  pfog?^  h®  R°Ck‘ 
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(U)  Other  Government  and  industry  programs  are  either  planned  or  currently 
underway  which  will  support  Rockwell  identified  programs  related  to  composites, 
skewed  wing,  and  forward  swept  wing  advanced  technology  advancement  require- 
ments. 

(U)  Activities  which  are  scheduled  to  proceed  in  parallel  with  the  Rockwell- 
recommended  advanced  technology  lead-in  programs  are  ISADS  follow-on  studies, 
AF/OSD/QJCS  planning  for  Milestone  0,  and  competitive  studies.  After  inputs 
to  the  TAA  are  completed,  the  necessary  activities  leading  up  to  RDT8E  go- 
ahead  are  scheduled.  These  activities  include  AF/OSD/OJCS  planning  for  Mile- 
stone II  and  solicitation  of  proposals  for  full-scale  engineering  development. 

(U)  For  the  purpose  of  schedule  consistency  with  the  B-l  program  and  in  the 
belief  that  DOD  would  prefer,  for  a new  strategic  bomber  program,  to  move 
directly  from  the  competitive  studies  stage  to  full-scale  engineering  develop- 
ment, the  competitive  demonstration  and  validation  phase  has  been  bypassed.  The 
rational  for  this  assumption  is  the  belief  that  sufficient  funding  to  proceed 
in  parallel  with  two  programs  of  this  magnitude  would  not  be  available.  It  is 
possible  that  separate  competitive  demonstration  and  validation  of  certain 
advanced  technologies,  such  as  those  planned  for  advanced  engines,  may  prove  to 
be  necessary  at  a later  date.  This  would  also  have  the  effect  of  extending  the 
total  time  required  to  achieve  total  system  IOC. 

Scheduled  RDTfjE  go-ahead  dates  are  as  follows: 


Design  Concept 

RDT5E  Go-Ahead 

Low  cost  (D645-1) 

Minimum  penetration  time  (D645-3) 
Stealth  (D645-4) 

Defensive  laser  (D645-5) 

Minimum  weight  (D645-6) 

1 May  1984 
1 September  1984 
1 September  1984 
1 September  1984 
1 September  1984 

UNCLASSIFIED 


(U)  An  alternate  approach  would  be  to  proceed  with  an  aircraft  demonstration 
and  validation  phase,  and  to  use  this  experience  to  minimize  the  RDT8E  flight 
testing.  This  approach,  which  may  be  politically  more  acceptable,  was  not 
specifically  addressed  in  this  study  but  will  be  investigated  in  follow-on 
efforts. 

MASTER  PROGRAM  SCHEDULES  - RDT$E/ PRODUCT I ON 

(U)  Appendix  J presents  the  ISADS  master  schedules  for  the  period  after 
RHT8E  go-ahead.  In  general,  the  B-l  master  program  schedule  (Appendix  H) 
was  used  as  a model  for  deriving  the  ISADS  schedules.  This  is  a composite 
of  the  B-l  RDT8E  program  as  it  is  presently  constituted  plus  the  production 
program,  as  planned  prior  to  cancellation  in  June  1977. 
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(U)  Rockwell  has  assumed  that  the  requirement  for  a demonstration  and  vali- 
dation phase  would  be  bypassed  for  the  purpose  for  establishing  schedule  re- 
quirements leading  up  to  RDT8E.  The  rational  for  this  assumption  is  docu- 
mented in  the  following  paragraphs, 

MASTER  PROGRAM  SCHEDULES -TECHNOLOGY  ADVANCEMENT /CONFIGURATION  DEFINITION 

(U)  Separate  schedules  (appendix  I)  have  been  established  to  depict  the 
milestones,  activities,  and  time  required  for  each  of  the  five  ISADS  design 
concepts,  from  the  present  time  to  RDTSE  go-ahead.  The  time  period  between 
the  end  of  the  existing  study  (30  June  1978)  and  the  availability  of  funds 
(1  October  1979)  to  proceed  with  advanced  technology  programs  having  future 
applicability  to  ISADS  has  been  set  aside  for  Air  Force  actions.  These 
actions  include  Air  Force  review  of  ISADS  final  reports,  solicitation  of 
industry  proposals  for  selected  advanced  technology  programs  and  ISADS  follow- 
on  studies,  contractor  proposal  preparation,  and  contract  negotiations.  Those 
advanced  technology  lead-in  program  schedules  which  have  application  to  spe- 
fic  ISADS  design  concepts  have  been  summarized  for  inclusion  into  the  master 
program  schedules.  The  technology  program  which  requires  the  longest  time  for 
documentation  of  successful  achievements  into  the  TAA  establishes  the  cvitical 
path  to  RDTfjE  go-ahead.  This  path  is  represented  by  the  dotted  line  on  each 
schedule. 

(U)  The  ongoing  pn  Trams  related  to  SPF/DB  are  documentated  in  Metallic 
Structures  Roadmap,  published  by  the  Air  Force  Materials  Laboratory  (AFML). 
These  programs  include  current  contracts  applicable  to  build  up  low-cost  ad- 
vanced titanium  structure  (BLATS),  and  limits  of  process.  Other  SF/DB  pro- 
grams which  are  in  the  advanced  planning  stages  include  a NASA-sponsored 
subsonic  cruise  aircraft  research  (SCAR)  structural  development  program  and 
Air  Force  studies  related  to  skin  design,  hardware  validation  for  ATF,  in- 
novative low-cost  tooling,  and  size  scaleup.  All  of  the  aforementioned  pro- 
grams will  complement  and  support  the  Rockwell  identified  SF/DB  program  for 
titanium  reduction  to  practice  and  the  establishment  of  a design  manual.  NASA, 
FDL,  and  APL  are  sponsoring  industry  and  in-house  efforts  related  to  2-D 
nozzles,  NASA-  and  FDL-sponsored  current  and  expected  programs  are  devoted 
to  vectored  thrust  and  2-D  wedge  research,  cooling  studies,  and  wind  tunnel 
testing.  APL  and  FDL  have  ongoing  programs  covering  aircrpf*  >ro  'ion 


system  integration  (APSI)  wind  tunnel  tests  and  installed  i . ^ine 

survivability  criteria  (ITESC)  static  tests.  In  addition,  ...  ting 

programs  for  APSI  full-scale  demonstration,  IR/RCS  reduction  1 

full-scale  static  tests.  All  of  these  programs  will  dovetail  Rock- 

well identified  2-D  vectorable  nozzle  program, 
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(U)  On  the  B-l  program,  aircraft  No,  1 and  2 (A/C-l  and  -2)  were  of  essen- 
tially the  same  design,  with  relatively  minor  design,  changes  occurring  on 
A/C-2.  Significant  design  changes  occurred  on  A/C-3.  These  were  followed  by 
additional  major  design  changes  on  A/C-4, 

(U)  For  ISADS  scheduling  purposes,  in  each  of  the  five  cases,  A/C-l  and  A/C-2 
are  considered  to  be  of  the  same  basic  design.  Time  for  major  design  changes 
is  included  in  schedules  for  A/C-3.  All  remaining  flight  test  aircraft  are 
considered  to  be  of  the  same  basic  design  as  A/C-3.  A/C-3  constituted  a sig- 
nificant design  change  over  the  first  two  aircraft  in  order  to  accommodate 
installation  of  the  offensive  avionic  system  and  associated  cooling  equipment. 
Redesign  of  the  B-l  to  install  the  defensive  avionic  system  was  delayed  until 
a later  point  in  time  (A/C-4).  These  changepoints  were  selected  because  of 
funding  constraints  and  technical  reasons  which  existed  at  that  time.  Whether 
similar  circumstances  would  exist  during  the  ISAD  RDT3E  program(s)  cannot  be 
precisely  predicted  at  this  time.  For  ISADS  scheduling  purposes,  Rockwell  has 
established  a ground  rule  that  a redesign  of  A/C-3  would  be  programmed  to 
accommodate  installation  of  both  the  offensive  and  defensive  avionic  systems. 

(U)  B-l  A/C-4  constituted  a major  design  change  over  the  first  three  aircraft. 
The  most  significant  change,  other  than  the  installation  of  the  defensive 
avionic  system,  involved  the  redesign  of  the  forward  fuselage  to  delete  the 
crew  escape  capsule  and  incorporate  ejection  seats.  Other  significant  changes 
included  cost-reduction  redesigns  of  the  nacelles,  aft  fuselage,  aft  inter- 
mediate fuselage,  wing,  and  wing  carry-through  structure.  For  ISADS  scheduling 
purposes,  Rockwell  has  assumed  that  the  circumstances  which  required  these 
changes  to  the  B-l  would  not  be  repeated  on  ISADS.  Therefore,  no  separate  re- 
design of  A/C-4  has  been  indicated  in  the  five  ISADS  schedules. 

(U)  The  B-l  flight  test  program,  as  indicated  in  Appendix  H,  ends  on  13  March 
1979  as  presently  contracted.  The  planned  and  anticipated  programs  for  flight 
test  of  A/C-4  are  also  indicated,  At  the  time  of  production  cancellation 
(June  1977) , initial  plans  and  schedules  were  being  prepared  for  extension  of 
RDr§E  flight  testing  and  incorporation  of  early  production  aircraft  into  the 
flight  test  program.  These  schedules  are  not  shown. 

(U)  In  the  process  of  scheduling  flight  test  programs  for  ISADS,  the  over- 
riding considerations  were  Rockwell  test  needs  and  the  requirements  called  out 
in  applicable  *ir  Force  specifications.  For  each  design,  6 months  of  flight 
testing  for  A/C-l  is  scheduled  prior  to  long-lead  go-ahead  for  Lot  I.  The 
number  of  production  aircraft  scheduled  for  ISADS  flight  testing  varies  in 
accordance  with  anticipated  testing  complexity  and  differences  in  specified 
performance.  Schedules  for  refurbishment  and  redelivery  of  flight  test  A/C-5 
and  subsequent  are  included  in  the  ISADS  master  program  schedules. 
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(U)  Separate  complexity  factors  were  established  for  the  purpose  of  adjusting 
the  B-l  master  program  schedule  to  make  it  consistent  with  ISADS  requirements. 
For  example,  in  the  case  of  the  low-cost  concept  (D645-1),  ISADS  engineering 
activities  were  compressed  to  75  percent  of  the  time  required  for  comparable 
activities  on  the  B-l.  Other  complexity  factors  were  developed  for  application 
to  manufacturing,  associate  contractor,  and  major  subcontractor  activities. 
Hardware  deliveries  were  adjusted  accordingly.  In  the  event  that  firm  sched- 
ules are  required  for  ISADS  at  some  future  time,  designated  associate  contrac- 
tors and  selected  subcontractors  would  have  to  be  consulted  to  determine  pre- 
cise leadtimes. 

(U)  B-l  production  rates  and  deliveries  were  planned  for  buildup  from  one  to 
a maximum  of  four  aircraft  per  month.  The  planned  rate  buildup  from  one  to 
four  aircraft  would  have  taken  32  months.  Similar  rate  buildup  schedules 
were  established  for  the  ISADS  conceptual  designs.  The  B-l  planned  maximum 
production  rate  of  four  aircraft  per  month  was  used  in  every  case  for  the 
ISADS  designs. 

(U)  Initial  operational  capability  (IOC)  for  the  B-l  was  planned  to  coincide 
with  delivery  of  the  65th  airplane.  This  figure  was  also  used  in  the  case  of 
the  ISADS  designs.  ISADS  scheduled  IOC  dates  are  as  follows: 

Design  Concept  IOC 

Low  cost  (D645-1)  31  May  1995 

Minimum  weight  (D645-6)  31  August  1994 

Minimum  penetration  time  (D645-3)  31  May  1996 

30  April  1995 
30  April  1996 
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Stealth  (D645-4) 
Defensive  laser  (D645-5) 
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Section  VI 


CONCLUSIONS  AND  RECCMMENDATI ONS 


(U)  The  objective  of  this  study  was  to  identify  alternate  approaches  to 
preliminary  designs  of  strategic  aircraft  through  the  application  of  innova- 
tive concepts  and  the  most  effective  combinations  of  advanced  technology.  The 
study  included  projections  in  which  advanced  technologies  applicable  to  1995 
manned  penetrating  bombers  were  identified  and  assessed.  The  surviving  tech- 
nologies were  then  integrated  into  five  baseline  aircraft  concepts,  upon  which 
performance  trades,  cost,  and  program  planning  was  accomplished. 


ADVANCED  TECHNOLOGIES 

(U]  Technologies  which  will  be  available  for  inclusion  into  a 1995  manned 
strategic  penetrator  can  be  expected  to  produce  up  to  50-percent  total  reduc- 
tions in  takeoff  gross  weight  and  cost  for  a given  mission  when  compared  to 
the  best  of  current  technology  aircraft.  This  reduction  will  be  produced 
by  individual  technology  percent  reductions  as  follows: 

1.  Structures  - 30% 

2.  Propulsion  - 25% 

3.  Aerodynamics  - [i.e.,  Fuel  Weight]  - 40% 

4.  Equipment  and  misc.  - 20% 

(U)  Structural  weight  reductions  will  occur  mainly  through  the  use  of  com- 
posite primary  structure,  aeroelastic  tailoring,  and  superplastic-formed/ 
diffusion-bonded  (SPF/DB)  titanium.  Large  one-piece  components  will,  reduce 
fasteners  and  joint  structure,  resulting  in  cost  as  well  as  weight  savings. 

More  exotic  concepts  such  as  metal  matrix  composites  and  SPF/DB  aluminum  will 
be  beginning  to  see  use  by  1995,  much  as  composites  are  today. 

(U)  Five  propuls ion- related  items  couid  have  significant  impact  on  an 
advanced  strategic  penetrating  aircraft;  i.e.,  fuels,  engine  weight  and  per- 
formance, variable-cycle  engines,  nuclear  power,  and  2-D  nozzles. 

(U)  Petroleum  based  or  synthetic  JP  fuels  are  likely  to  be  the  cheapest  and 
most  available  fuels  well  into  the  next  century  and  will  therefore  be  the  most 
likely  fuel  for  the  new  aircraft.  The  trade  study  using  liquid  hydrogen  showed 
that  even  though  hydrogen  has  a much  higher  heat  content  per  unit  weight,  the 
increased  volume  and  structure  required  more  than  offset  the  reduced  fuel 
weight.  An  extrapolation  of  this  trend  implies  that  a denser  fuel  than  JP4, 
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such  as  Shelldyne,  could  result  in  a takeoff  gross  weight  reduction.  While 
Shelldyne  is  currently  very  expensive  because  of  a low  production  rate,  and 
hence  was  not  considered,  it  may  become  competitive  with  a high  production 
rate.  (U) 

(U)  Advances  in  engine  materials  and  component  performance  will  result  in 
improved  engine  thrust- to-weight  ratios  and  lower  fuel  consumption.  A partic- 
ularly promising  area  is  that  of  ceramic  combustors  and  turbines  which  will 
allow  higher  turbine  inlet  temperatures  (with  less  turbine  cooling  flow)  than 
currently  achievable. 

(U)  Two-dimensional  nozzles  will  provide  vectoring  for  control  and  reduced 
IR/RCS . 

(U)  Variable- cycle  engines  hold  promise  for  aircraft  with  widely  varying 
performance  requirements  such  as  those  of  the  minimum- time  penetrator. 

Indeed,  in  order  to  achieve  a reasonable  takeoff  gross  weight  for  the  minimum- 
time penetrator,  it  was  necessary  to  have  a variable-cycle  engine.  While  a 
VABI  was  used  in  this  study,  the  MMIPS  or  VSCE  are  also  good  candidate  engines 
for  such  aircraft. 

(U)  While  a nuclear- powered  aircraft  would  require  a vigorous  development 
program  and  would  probably  face  considerable  environmentalist  opposition, 
it  does  appear  technically  feasible. 

(U)  Two  major  advantages  for  the  nuclear  aircraft  are  (1)  essentially  infinite 
range  and  flight  duration  resulting  in  greater  flexibility,  and  (2)  reduced 
IR  signature  because  there  are  no  combustion  products  in  the  engine  exhaust. 
Shielding  of  the  reactor  will  minimize  crew  exposure  and  increase  useful 
flight  duration. 

(U)  The  aerodynamic- related  items  primarily  direct  attention  to  the  drag 
reduction  concept.  Reduction  of  turbulent  skin  friction  drag  offers  the  most 
fruitful  area  for  significant  progress.  Included  are  techniques  to  eliminate 
roughness  by  application  of  surface  coatings,  delaying  transition  from  laminar 
to  turbulent  flow  by  active  boundary  layer  control  in  the  near  term,  and  by 
understanding  the  mechanism  of  transition  and  proper  design  in  the  far  term. 

A 20-percent  reduction  in  turbulent  skin  friction  drag  is  projected.  Addi- 
tional advances  in  supercritical  wing  technology  can  be  projected,  resulting 
in  a 15-percent  reduction  in  lifting  surface  drag  or  the  ability  to  operate 
at  higher  mach  numbers  without  drag  increases  above  current  technology. 

Induced  drag  tailoring  for  this  class  of  vehicles  offers  lower  potential  due 
to  the  considerable  effort  over  the  past  decade  to  design  efficient  cruising 
wing  geometries.  However,  a 5 -percent  reduction  in  induced  drag  is  projected. 

(U)  While  equipment  is  beyond  the  scope  of  the  ISADS  study,  improvements  will 
definitely  occur  by  the  year  2000.  For  example,  a recently  developed  concept 
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in  avionic  electromagnetic  pulse  (EMP)  protection  will  allow  a 1,600-pound 
savings  over  the ' equipment  used  in  the  B-l.  (U) 

(U)  Stealth  technologies  will  minimize  aircraft  observables  in  radar  cross 
section,  infrared  radiation,  and  visual  detection.  Other  observables  such  as 
laser  cross  section  will  become  increasingly  important  in  the  year  1995  and 
beyond.  Several  techniques  are  available  to  address  either  the  reflection 
(away  from  the  receiver)  or  the  absorption  of  these  energy  sources.  The  radar 
absorbing  materials  (RAM)  will  find  increasing  use  in  areas  of  high  reflecti- 
vity. However,  advances  are  to  be  expected  in  this  material  to  increase  the 
frequency  range  of  the  absorption.  Geometry  control  will  continue  to  play  an 
important  role  in  inducing  specular  return  away  from  the  receiver.  Tuned 
(selective  frequency)  radomes  will  be  another  development  maturing  in  the  1995 
timeframe. 

(U)  Computational  technology  advances  will  be  in  the  forefront  of  these 
developments.  Computational  tools  will  enable  the  designer  to  advance  his 
capabilities  in  an  efficient  manner  and  open  the  spectrum  to  additional  appli- 
cations. The  aerospace  industry  will  develop  synthesis  capability  for  3-D 
nonlinear  solutions  with  viscosity  and  expand  to  nonlinear  flutter,  divergence 
and  load  analysis.  In  the  far  term,  the  operational  capability  to  solve  the 
Navier- Stokes  equations  will  permit  complex  design  computations  currently 
unthinkable. 

(U)  Control  technologies  will  continue  to  reflect  the  reduced  static  sta- 
bility redundant  control  systems  currently  emerging.  Ride  control,  gust 
load  relief,  and  fatigue  rate  reduction  have  been  demonstrated  by  structural 
mode  control  devices.  Future  systems  will  incorporate  maneuver  load  control 
and  active  flutter  suppression  to  enhance  vehicle  flight  envelopes  at  reduced 
structure  weight. 

(U)  A development  cost  study  of  'hese  technologies  was  not  a part  of  this 
study,  as  this  is  available  in  Rf' terence  16. 

CU)  Figure  127  summarizes  the  ISADS  configuration  baseline  concepts. 

Figure  128  shows  a relative  size  comparison  of  the  concepts. 

(U)  Note  that  four  of  the  five  baseline  concepts  benefit  fran  the  structural 
simplicity  of  the  all-wing  arrangement,  which  can  be  used  to  best  advantage 
due  to  the  large  fuel  volume  required  to  perform  the  ISADS  mission.  Also, 
the  geometric  simplicity  of  the  all-wing  design  tends  to  yield  a lower  radar 
cross  section, 

(U)  The  major  risk  of  the  all -wing  arrangement  is  in  the  provision  of  ade- 
quate stability  and  control  without  incurring  a performance  degradation. 
Previous  all-wing  designs  have  incorporated  roflexed  airfoils  and/or  highly 
twisted  wings  to  attain  longitudinal  trim  and  stability,  with  resulting  effi- 
ciency losses.  The  adaptation  of  advanced  flight  controls  to  the  all-wing 
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(S)  Figure  127.  Baseline  concepts  summary.  (U) 

concept  should  enable  the  elimination  of  most  of  the  losses.  However,  the 
technical  risk  involved  prevented  application  of  the  all-wing  concept  to  the 
ISADS  low  cost  simplistic  baseline. (U) 

(U)  The  major  conceptual  conclusions  are  as  follows. 

LOW-COST  SIMPLISTIC 

(U)  The  major  conclusion  from  this  effort  is  that  a simplistic,  minimum 
risk  aircraft  may  incur  efficiency  penalties  sufficient  to  raise  the  total 
system  cost  over  that  of  a less  simple,  more  efficient  aircraft.  However, 
the  simplistic  approach  offers  minimum  program  risk,  and  is  not  dependent 
on  unproven  technologies, 


MINIMUM  WEIGHT 

(U)  Hie  spanloader  concept  produced  a very  light  aircraft  when  aided  by  the 
use  of  a canard  trimmer.  Although  alternatives  of  external  stores  were  inves 
tigated,  the  lowest  weight  approach  was  to  accept  a structural  penalty  to 
retain  clean  aerodynamics. 
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(U)  Supersonic  penetration  on  the  deck  for  1,750  nautical  miles  was  shown  to 
be  viable,  but  a high  risk.  This  is  because  of  the  advanced  technology  devel 
cpment  required  to  attain  the  high-speed  penetration  efficiency  yet  still 
accomplish  high- altitude  transitional  cruise  out  and  back 


STEALTHY 

(S)  The  "flying  delta  wing  concept"  proved  to  be  a very  stealthy  system  for 
the  penetrator  case.  It  gave  up  less  than  S percent  in  weight  when  compared 
with  the  minimum -weight  concept.  First-order  approximations  show  the  concept 
to  have  an  average  radar  cross  section  between  0.01  and  0.1  square  meters, 

It  also  proved  to  be  the  smallest  aircraft  with  advantages  in  manufacturing, 
maintenance,  and  survivability.  Potential  problems  include  possible  unusual 
stability  characteristics  and  low  accessibility  of  internal  systems, 


LASER  DEFENSE 

(U)  Carriage  of  a laser  lethal ^defense  system  was  shown  to  be  compatible  with 
the  ISADS  mission.  Further  stddy  should  investigate  its  value  relative  to  a 
substantial  system  weight  penalty.  Trades  assessing  additional  defensive 
missiles/guns  with  substantial  additional  fuel  must  be  addressed. 


£QST 

CU)  Die  major  cost  conclusion  is  that  cost  is  still  primarily  a function  of 
weight.  Thus,  weight -reducing  advanced  technology  will  usually  reduce  the 
aircraft  cost,  in  spite  of  the  increased  cost  and  complexity  of  that 
technology.  However,  those  unproven,  advanced  technologies  increase  the  cost 
uncertainty  and  therefore  increase  the  probability  of  a cost  overrun. 

(U)  Further,  the  actual  cost  of  any  manned  strategic  penetrator  will  be 
largely  fixed  at  the  earliest  stages  of  procurement,  in  which  the  mission 
requirements  are  established.  Especially  important  parameters  are  range,  pay- 
load,  speed,  altitude,  refueling,  and  avionics.  These  establish  subsystems 
requirements,  which,  in  turn,  establish  60  to  70  percent  of  the  aircraft  cost. 


m 
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(U)  The  following  recommendations  are  suggested: 

1.  Mission  requirements  for  a manned  strategic  aircraft  should  be 
established  by  effect! veness/cost/risk  trade  studies,  in  which  the 
evaluation  parameter  is  target  value  killed  versus  cost  of  the  system. 
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Suggested  studies  include; 

a.  Standoff  versus  penetrating 

b.  Avionics/ECM  requirements 

c.  Payload  versus  force  size 

d.  Lethal  defense  effectiveness 

e.  Launch  survival  concepts 

2.  Additional  aircraft  concepts  should  be  investigated: 

a.  Multirole  aircraft 

b.  Laser  gunship 

c.  Surface  effect 

3.  Additional  trade  studies  should  be  undertaken  to  use  the  ISADS 
data  base: 

a.  Mission  trades  (range*  speeds,  payload,  mission  profile, 
conventional  uses) 

b.  Engine  trades  (number,  type,  BPR) 

c.  Avionics/ECM  trades 

d.  Other  subsystem  trades  relative  to  total  system  cost/risk/ 
effectiveness 

e.  Technology  level  trade  (vary  IOC  date  - 198S,  1990,  199S)  (U) 
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1.  Ain  Inn  numerical  ratings  10-9)  baled  on  the  fol  lowing  scale  to  the 
evaluation  parameter*  llitotl  For  your  discipline  (only),  These 
rating*  are  to  he  relative  judgment*  oF  the  aircraft  concept*  In  a 
given  category.  A higher  rating  should  alwuy*  indicate  u more 
desirable  impact  on  the  aircraft;  i.o.,  more  mission  capability, 
les*  weight,  less  cost,  more  stealth,  etc. 

2.  On  a separate  page,  attach  any  caiman t*  that  muy  help  In  selecting 
the  host  {or  worst)  concept*.  Also,  list  any  specific  assumption* 
you  made  to  do  the  evaluation. 

A.  Return  to  11,  Ruymer  (XS4S1I  after  each  ruling, 
i)  1 2 3 4 5 0 7 8 » 

Totally  Avurugc  Ideal 

Unacceptable  of  concepts  case 

in  that 
category 


CftfUyfMlm  t«Mft  Qw 1 1 f r I y >>ilny  Farm 


eauyaryi  Law  tail  -1 

Cana 

ill  itu*4tr 

(raw#  (aaluatlaa  M'Mli' 

f 1 

fl 

HI 

1*4 

l-l 

1*4 

ft 

Aara*y*aaltl 

Cfulta  arty 
4 tail  rati*  dr  a* 
LMMNia  fllyhi 
FII#M  taniral 

: 

t 

♦ 

1 

1 

4 

1„ 

4 

1 

4 

4 

I 

) 

1 

4 

4 

4 

. I 

4 

I 

4 

Li- 

; 

i 

i 

4 

drain lilan 

C«MlaRlty 
Ifflalaaar 
filil  lyi  »af|ftt 

7 

J 

1 

4 

1 

1 

> 

1 

r 

i 

i 

4 

1 

_jL 

i 

t 

1 

• 

f 

waiyMt 

laaii 

Itwath  rtaalrtatmta 

taaa  mum 

I 

t 

4 

1 

4 

3 

; 

4 

) 

t 

4 

3 

1 

1 

4 

i 

i 

3 

J 

nr 

»raO  ualll  l Ity 

1 

4 

» 

1 

i 

1 

It  rua  dirty 

ItfMttural  rlah 

Praam  HI  Illy 
notarial*  tail  » fit* 

“T^ 

1 

■“i 

4 

I 

> 

_ • 

■7TT 

1 1 7 

1 . 7 

! 

_L- 

1 

1 

1 

liaalin 

«et 

i*  *l|«aidfa 

i 

i 

1 

f 

1 

• 

0 

t 

0 

0 

0 

4 

NrfirMMi 

M,  1 laittffy 

NanauviR 
Ml  walyht 
TOM 

4 

1 

} 

4 

» 

4 

4 

1 

-J— 

1 

4 

4 

1 

4 

1 

4 

3 

] 

OM  (Mlflll 

luttaM  raauiranaaii 
iMrvIMI/MlHFallim 
*tya««y  Hit 
Oil  tail 

4 

1 

4 

4 

4 

4 

1 

4 

4 

1 

» 

1 

1 

4 

1 

1 

t 

4 

4 

1 

! 

0 

1 

2 

4 

1 

J 

' n»i«i  9*4  tai la,  Ru*a»p  n "fcettar" 


iuiimum  Sami  tumitia  »n  ■■ 


Citija'vi  fllrlxw*  »alfht  •] 

taaiaai 

ftwatar 

traua 

t**l uat la*  at' abater 

1 

I 

JL 

4 

1 

4 

7 

1 

4ara4yaamlat 

Cruda  argy 
»ym  trail  an  arty 
La-Mat«a  fliyht 
HlfM  tMirai 

1 

I 

t 

1 

4 

1 

1 

1 

7 

1 

ft 

7 

7 

4 

4 

t 

' 7 

4 

4 

1 

4 

4 

1 

1 

1 

4 

1 

1 

Ffoeull ion 

C«Mlatlty 
Cff  lyititcy 
Intlillaa  -aiyhi 

h71 

» 

i 

1 

4 

4 

2 

3 

4 

7 

J 

i 

t 

4 

• 

t 

3 

l 

i 

7 

1 

T 

3 

1 

uaiyMi 

Laaat 

IlMNilii  raau.ra«aM» 
Laa*  HtFi 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 
I 

4 

1 

4 

4 

traauatatiitf 

3 

I 

1 

l" 

4 

“l 

3 

3" 

It  ruat'irai 

tirnMara  ru 
9*»iwi  Pra*i«Hihty 
MiariaU  tail  t ni 4 

) 

7 

7 

J 

2 

4 

4 

7 

4 

1 " 

1 

1 

l' 

J 

" 

1 

3 

1 r 

i 

» 

J 

3 

3 

liaaith 

net 

l*  tiynaturf 

0 

4 

0 

4 

2 

4 

) 

JL 

i 

4 

i 

9 

1 

Far  tor -ant* 

i.o.  4 iihaioo 

Naaaiiyar 

Mi  *a>yti| 
mu 

T 

* 

"T 

4 

rr 

4 

3 

“T~ 

t 

i 

Ti 

, 

“T 

i 

4 

T 

l 

4 

T 

i 

4 

oat  anal gai » 

SMtaart  -•awirt-Mnn 
Iurwi*al/»uinaraai1i  i* 

r,T*»*y  ««»< 

041  cati 

4 

1 

4 

t~r 

fc 

4 

» 

3 

J 

t 

4 

1 

4 

4 

J 

4 

1 

4 

I 

3 

t 

4 

1 

0 

3 

9 

UNCLASSIFIED 


UNCLASSIFIED 


UNCLASSIFIED 


UNCLASSIFIED 


Category i low  «oit 


Aerodynamic* 


Concept  n umber 


Feremeter 


L/B  max  for  optimum  crulie 

L/fi  it  penetration  meeh  numb«r  ind  Altitude 

L/B  it  withdrawal  meeh  number  «nd  lltltull 
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W„  • groll  weight 

111,000 

LIS, 000 

L07.I00 

WfUei  * fuel  weight 
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(U)  Sizing  parameters  estimation  form. (U) 
(Note:  These  are  statistically  based  estimates) 
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Catajoryi  min  walpht 


Parana tar 


Aarodynamlat 

I/O  MAX  for  optimum  arul»« 
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(U)  Sizing  parameters  estimation  form.  (U) 
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(U)  Sizing  parameters  estimation  form.  (U) 


l«»«t  • Mil  "•! 
m*  • j»mh  ii 


CePfost  tMlMlify  lit# Mi's 


m 

IM 

*M 

Ml 

bib 

m 

Ml 

IM 

. 

. 

. 

. 

i,m 

a 

♦ 

. 

* 

<1.1 

Ml* 

IMM 

MM 

iii.iu 

Ml 

ill 

• i» 

mil 

ill 

MM 

Mil 

1 ,MA 

11,911 

Ml 

IM 

Ml 

Mil 

H.P 

I.IM 

f.H* 

/II 

it. m 

111 

111 

0,  IP 

MM 

111 

i.m 

Hill 

BO 

n. hi 

Ml 

111 

Ml 

mu 

111 

I.M9 

mu 

B| 

i.di 

• 

111 

Ml 

II  HI 

• 

* 

VEB 

I,  hi 

• 

• 

• 

fill  It 

mm 

UNCLASS  I PICO 


UNCLASSIFIED 


UNCLASSIFIED 


64*11*1 

!«>•  drag 


6*44|>) 

0f«|  l«*r«not  do  («  koundtry  l»ytr  «Wtrt*r 


(U)  Figure  C*1  (U) 
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(U)  Figure  02  (U) 
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UNCLASSIFIED 


OtM'6 

IneompractUla  <iragadu*»to*l  Ift  (actor 
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DAAJ-J 


Takaof f and  landing  lift  data 


• KtmV 

Ooubla-tlottad  flap  30* 


a - dag 


(U)  Figure  013  (U) 
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(U)  Figure  C-14  (U) 
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UNCLASSIFIED 


(U)  TABLE  D-l,  ISADS 


MINIMUM-COST  BASELINE  • AS  DRAWN  (U) 

WIGHT  SAMMY 


Structure  group* 

Wing  group 
Tail  group  ■ canard 
• vartlcal 

tody  group 

Alighting  gear  group  • min 

• auxiliary 
Bngino  motion  or  nacelle  group 
Air  induction  eystem 


Propulsion  group 

Rngine  (a*  inetalled} 

Accessory  gear  boxei  and  drive* 

Exhaust  system 

Cooling  and  drain  provision* 

Engine  controls 

Starting  system 

Fuel  syatem 

Pan  (as  installed) 

Hot  gas  duct  system 


Equipment  groups 

Plight  controls  group 
Auxiliary  power  plant  group 
Inatnmnta  group 
Hydraulic  ana  pntisnatic  group 
Blactrical  group 
Avloniee  group 
Armamnt  group 

Furnishing*  snd  tquipmnt  group 
Air  conditioning  group 
Anti *icing  group 
Photographic  group 
Load  and  handling  group 


Total  weight  eiqpty 
Crew 

Puel  • unusable 
Puel  • usable 
Oil  ■ engine 
Ptesengers/cargo 
Armament  ■ missile  launchers 
• missiles 
HXO)  dispenser 


Equipment 


food  and  water 
survival  gear 
miscellaneous 


Total  useful  load 

2.10,207 

Takeoff  gross  weight 

3, IK,  1(1 7 

Plight  design  gross  weight 

100,000 

Landing  design  gross  weight 

(Note:  These  weights  reflect  the  aircraft  u orginally  drawn, 
not  the  resiled  aircraft.  The  final  sited  weights  are 
given  in  the  test  of  the  report,  starting  on  page  ) 
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UNCLASSIFIED 


(U)  Figure  D-l.  D64S-1  wing-canard  weight  matrix.  (U) 


(U)  TABLE  D-2.  D645-1  - ISADS  MINIMUM  COST  BASELINE  MATERIAL  BREAKDOWN  (U) 


Component 

Total 

Non- 

DCPR 

DCPB 

AUminum 

Titan  Urn 

Steel 

Advanced 
compoi Ite 

Reaonont  Array 
(Fiber-ulaii/ 
maul! 

lilac 

and 

othera 

Wing 

(St, Bit) 

(is, mi 

1430) 

(40) 

(14,475) 

(3401 

(440  ) 

MiltUpar/plate 

U.llS 

14,111 

1S8 

40 

13,458 

4AS 

SFP/D1 

4p0 

400 

471 

15 

Bonded  honeycomb 

1,381) 

1,310 

1 ,1120 

340 

Canard 

■HEM 

11,730) 

12311 

III)) 

(3,240) 

(1331 

MIDI 

MJlHiper/platc 

MEM 

3,000 

40 

10 

2,1*38 

103 

SOP/DB 

jmi 

200 

IBS 

S 

Bonded  honeycomb 

440 

440 

301 

138 

Vertical 

(1,110) 

(1.110) 

(Oil) 

(925) 

140) 

MSI 

Milt laper/plate 

740 

740 

s 

730 

58 

8PP/DB 

It 

1) 

II 

Bonded  honeys*"* 

tel 

241 

40 

Puaelage 

(23,400) 

(23,400) 

(11,1)11) 

( I ,300) 

(ISO) 

( t ,700) 

(458) 

f 1 ,010) 

Prime/ longeron  • 

spy 

41,740 

21,740 

11, PIS 

1,300 

180 

205 

1,010 

Bonded  honeycomb 

1,180 

1,840 

1,700 

160 

Main  gear 

11,101 

4,100 

ft, 308 

370 

1,155 

115 

None  gear 

1,060 

400 

1,500 

Ml 

85 

1,065 

25 

Nacelle  and  eng 

■ H 

a act 

(3,000) 

(3,111)0) 

(2,700) 

(400) 

IftOO) 

(120) 

Prime/  longeron 

1,100 

1,800 

"45 

400 

ODD 

■ I 

SPP/OB 

4,100 

2,100 

1 

2,035 

■n 

total  atructdrn 

61,480 

1,300 

Sft,380 

I 20,301 

1,490 

21,030 

1,010 

1,108 

UNCLASSIFIED 

(U)  TABLE  D-3.  ISADS  MINIMUM  WEIGHT  BASELINE  - AS  DRAWN  (U) 


Structure  groupa 
Wing  group 
Till  group  • canard 
• vortical 

Body  group 

Alighting  goer  group  * min 

• auxiliary 
Eng  in*  Motion  or  nacallo  group 
Air  induction  ayatem 


Propul* ion  group 

angina  (u  inatallad) 

Aecaaaory  gear  boxa*  and  driva* 

Bxhauit  ayatam 

Cooling  and  drain  proviaion* 

Eng In*  control* 

Starting  ayatam 
Pual  ayatam 
Pan  (aa  inatallad) 

Hot  gaa  duct  ayatam 


Equipment  group* 

Plight  control*  group 
Auxiliary  power  plant  group 
Inatnanonta  group 
Hydraulic  and  pneumatic  group 
Electrical  group 
Avionic*  group 
Armament  group 

Pumiahinga  and  equipment  group 
Air  conditioning  group 
Anti* icing  group 
Photographio  group 
Load  and  handling  group 


Total  weight  empty 
Craw 

Pual  • unuaabla 
Pual  • uaabla 
Oil  • angina 
Pmangara/cargo 
Araamant  • miiail*  launcher* 
• miaailea 
BX01  diapenaer 


Bqulpmant  - food  and  water 

73 

• aurvival  gear 

US 

■ miacellaneoua 

113 

Total  uieful  load 

Takeoff  grata  wtight 

3l(i,OI7 

Plight  deaign  groaa  weight 
Landing  deaign  groaa  weight 

380 ,000 
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UNCLASSIFIED 


. Broil  wtlghe  - lb  UNCLASSIFIED 


(U)  Figure  D-2.  D64S-6  ISADS  spanlotder  wing  weight  matrix.  (U) 


(U)  TABLE  D«4.  D645-6  • ISADS  MINIMUM 

WEIGHT  SPANLOADER  CONCEPT  MATERIAL  BREAKDOWN  (U) 


Component 

Total 

Non- 

tm 

tm 

Alim  1 nun 

Titanium 

bteel 

Advanced 
coupon  to 

Her onant 
array 

(fibers  lime/ 
metal) 

Mine 

and 

other* 

King 

(21,710) 

(21. 710) 

(2,oll) 

illfl) 

(24,144) 

1 4*111 

10401 

MultUpar  plate 

22,10! 

22,104 

1 ,000 

140 

10,000 

004 

spi'/oe 

4 ill 

414 

II 

bonded  Iwneycomh 

0,221 

■SHI 

4,441 

**(1 

Canard 

u,  wot 

■IR>:ill 

(40) 

140) 

(1,1*01 

1 401 

II'IVDI 

to 

HO 

40 

bended  heneyuanh 

l,2S0 

1,240 

40 

1,1*0 

40 

Vertical 

(1,2101 

(1,240) 

(140) 

(1,0*41 

(11) 

Multlapar  plate 

710 

710 

4 

(lip 

1! 

IM'/Db 

111 

1.14 

11! 

bonded  honeycomb 

40! 

401 

401 

Ihi  »e  lage 

10,000) 

((1,(100) 

! 4,0*0) 

(0*4) 

(1*01 

(!44l 

I'rame/longeron  • 

,WI' 

s,«im 

4,100 

4,  (>*0 

o*! 

541 

bonded  honeycomb 

170 

I’O 

1*0 

Main  gear 

1,110 

4,200 

1,110 

004 

24J 

1,211 

"5 

Nooo  gear 

1,410 

lin 

1,140 

2*4 

04 

"*4 

15 

Nacelle  and  eng 

aect 

(2,1110) 

11,4)10) 

(2,400) 

lloill 

(0201 

mm 

I'rame/ longeron 

1,700 

1 ."DO 

004 

loo 

o2o 

44 

W/M 

1,400 

1,100 

l.«J4 

61 

Total  structure 

(40,470) 

(4,510) 

(4(1,1201 

(4,410) 

16,0011 

14,4401 

( 24,0441 

mill) 

11,400) 

INCLASS  I PHD 
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(U)  TABLE  D-5,  ISADS  MINIMUM  PENETRATION  TIME  BASELINE  • AS  DRAWN  (U) 

WIGHT  simxt 


DMH 


Total 


Non-DCPR 


DCPR 


Stnjctura  inqii 
Wing  group 
Tall  group  • canard 
• vortical 

nody  group 

Alighting  goar  group  • main 

■ auxiliary 
BngiM  aoction  or  naeollo  group 
Air  induction  ayatam 


(100,740) 
2i),  mo 
000 
1,008 
87,270 
0,928 
0,023 
828 
1,420 


(0,0.80) 


3,318 

3,318 


Propul  a ion  group 

Bngino  (aa  Inatallod) 

Aeeaaaory  goar  boxoa  and  drivaa 

Bxhauat  ayatam 

Cooling  and  drain  provlalona 

BngiM  eontrola 

Starting  ayatam 

Fuel  ayatam 

Fan  (aa  inatallod) 

Hot  gaa  duct  ayatam 


(32,720) 

27,1140 

400 

« 

40 

218 

383 

3,900 


(28,090) 

27,980 


210 


(100,110) 
20, 1110 
900 
1,00} 
17,270 
3,610 
3,010 
828 
3, .120 

(4,030) 

• 

100 

t 

40 

218 

78 

3,900 


Equipment  groupa 

Flight  eontrola  group 
Auxiliary  power  plant  group 
Inatrunanta  group 
Hydraulic  and  pntumatlc  group 
Blactrical  group 
Avionica  group 
Armamnt  group 

Fumiahinga  and  tquipmant  group 
Air  conditioning  group 
Anti*  icing  group 
Photographic  group 
Load  and  handling  group 


mFmwm 

(b,nu8) 

(21,01.1) 

3,048 

‘ ; ■ 

200 

100 

088 

1,178 

8,830 

S80 

1,070 

0,008 

4,100 

1,1108 

1,108 

1,103 

2,308 

i 

2,308 

8,200 

1,928 

3,273 

• 

128 

UL- 

Total  weight  aapty 
Craw 

Pual  • unuaabla 
Fual  • uaabla 
Oil  • angiM 
Paaiangera/cargo 
Armamant  • miaaila  launehara 
• miaallaa 
8XCM  diapanatr 


107,308 

448 

3,280 

328,000 

309 

1,030 

80,000 

140 


41,018 


123,730 


Bqulpmant  • food  and  water 

* aurvlval  gaar 

• miacallanaoua 


so 

08 

118 


Total  uaaful  lead 
Takeoff  groaa  waight 
Flight  dtaioi  groaa  waight 
Landing  daaign  groaa  waight 


304,388 

.181,723 

310,000 
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(U)  Figure  D-3.  D645-3  ISADS  minintun  penetration  time  baseline 

wing  weight  matrix.  (U) 

CU)  TABLE  D-6.  D045-5  • ISADS  MINIMUM 
PENETRATION  TIME  BASELINE  MATERIAL  BREAKDOWN  (U) 


Component 

wing 

Multlepnr  pints 
gPI'/l>» 

Headed  honeycomb 
Canard 
gff/M 

landed  lieneyeonh 
Vertical 
Mult  taper  plats 
Sfl'/n* 

Handed  Itoneyeeml' 

l'»  .sings 

I'rame/ longeron  • 
SPH 

landed  Itentycenh 
Main  gear  ( (W1 ) 
Main  gear  lufti 
Kng  and  <\U 
I' imo/ longeron 
SPK/liH 

tended  honeycomb 


Total  *t nature 


iJMim 
ii.au 
a, sis 

g.  140 
item 


ant 

1 1,01)1 1 

non 

go 

111 

ir.ro) 


iw.iiii) 

ii.ii> 

MM 

.’,uu 

(*wi) 

M 

ins 

I i ,01)} 

mo 

in 

.ill 

ir.iTO)  1.11,4111 


Tltanliiti 

Stssl 

Advanced 

ssagwaltv 

Ksaanint 

array 

ITIhsrglaea/ 

motel) 

(i.Siiii) 

ijiiu 

ijn.iwn 

Jim 

ii.iiin 

l,Wt» 

J.14U 

(})) 

Uii 

(Mil 

}} 

jl 

Ml 

11}) 

(DM) 

) 

MS 

10 

1J» 

i*,uni! 

i Jim) 

111,11)1 

1.VII) 

Mini 

Jim 

#,>*} 

141 

| 

J.JJIi 

Jin 

J.ino 

Jin 

J.airn 

(•111) 

1 lllll) 

1 J,g41l 

411(1 

J,  lllll 

111 

14) 

rio,"iini 

(h.UII 

isj, uni) 

04}) 
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(U)  TABLE  D-7.  ISADS  STEALTH  BASELINE  - AS  DRAWN  (U) 


wiiiarr 


D64S-U 

Total 

Son-IX.TK 

I1CPU 

Structure  group* 

NU,. 15(11 

(5,1551 

I 11,0051 

Wing  group 

12)01(1 

12,050 

Tail  n roup  • canard 

• vertical 

050 

Oil) 

8ody  group 

Alighting  gear  group  • main 

11)120 

4,045 

0,171 

* auxiliary 

1,000 

410 

1 ,550 

llnylne  section  or  nacelle  group 

225 

22  S 

Air  induction  *y*tem 

2,241 

2,111 

PropuWlon  group 

114,115) 

111,4101 

1 2, 7051 

linglno  (ae  In* tailed) 

11,200 

11,200 

• 

Acc#**ory  gear  boxe*  and  drive* 

250 

250 

llxheu*t  *y*tem 

• 

* 

• 

Cooling  and  drain  provlelon* 

20 

tinglne  control* 

105 

105 

■Starting  *y*tem 

200 

150 

SO 

Fuel  *y»tem 

2,2*0 

2.2HO 

Pan  (a*  in* tailed) 

■ 

Hot  gu*  duct  «y*rem 

• 

llqulpment  group* 

1 8 ,5001 

(18,1001 

l:llght  control*  group 

2,525 

2,521 

Auxiliary  power  plant  group 

100 

200 

100 

lnetrument*  group 

BSS 

Hydraulic  and  pneumatic  group 

785 

*85 

lilectrical  group 

4,  oSS 

40(1 

4,105 

Avionic*  group 

11,140 

0 ,000 

1,1180 

Armament  group 

1,105 

1,11)8 

I'uml thing*  and  equipment  group 

.,478 

2,4*1 

Air  conditioning  group 

4,505 

1,810 

1,081 

Anti- icing  group 

Photographic  group 

• 

Load  and  handling  group 

125 

125 

Total  weight  empty 

00,415 

25,125 

05,000 

Crew 

072 

Fuel  • unu*abie 

1 ,810 

Fuel  • u*able 

181,001) 

oil  • engine 

180 

Pu**enger* /cargo 

Armament  • ml**lte  launcher* 

4,030 

• ml**ile» 

50,000 

liXUI  di«pen*er 

440 

Isquipment  • food  and  water 

75 

• turvlval  gear 

• miecolluneou* 

115 

To  tul  ueet'ul  load 

HBnjfQHHH 

Takeoff  gro**  weight 

Flight  dceign  gro**  weight 

landing  deelgn  gro**  weight 

i 
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Groat  weight  - lb  LNCLASSIPIBD 
(U)  Figure  0-4,  D645-4  ISADS  stealth  baseline  wing  weight  matrix.  (U) 


(U)  TABLE  D-8.  D64S-4  - ISADS  STEALTH  BASELINE  MATBRIAL  BREAKDOWN  (U) 


Component 

Total 

Non- 

IX'PK 

im 

Aluntmm 

Titanium 

5t»f) 

Advanced 

conpoalte 

Rcnonunt 

array 

Iflhtfl'llUlM/ 

metal) 

Mi  xu 
and 
other* 

Winy 

(34,1)50) 

154,050) 

(1,000) 

(3,175) 

(310) 

(45,000) 

1040) 

(1,435) 

Multlipur  plate 

47,415 

•’,415 

1,000 

1,110 

310 

44,330 

1,105 

iPivni 

l,IbS 

1,305 

1,345 

41) 

Homled  honeycomb 

4,101) 

4,1(111 

3,150 

040 

Vert  leal 

(5101 

(1)50) 

(7!) 

1553) 

140) 

Multlnpur  plat* 

rs 

3‘5 

to 

345 

40 

spF/ni 

1)5 

05 

05 

(tended  honeycomb 

410 

511) 

51U 

Main  gear 

11,140 

0 , 1 "3 

1)1 5 

m 

4,7*3 

Uo 

Noae  gear 

l ,960 

1,550 

355 

l.tmo 

40 

ling  »Mt  nmi  A1S 

l.\t>?0) 

(5,oro) 

(115) 

USD) 

(80) 

I'rniM/ longeron 

4,550 

4,550 

loo 

ww 

’3 

IPP/l'A 

140 

140 

115 

Hi 

5 

Tsui  itrueture 

140,350) 

143,005) 

f 4,000) 

13,3131 

(0,313) 

r 4*,  5001 

(P40) 

(1 ,4#5) 
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(U)  TABLE  D-9.  ISADS  DEFENSIVE  LASER  BASELINE  - AS  DRAWN  (U) 

WEIGHT  SUM-WAY 


D64S*S 

Total 

Non-DCPR 

DCPR 

Structure  groups 

(59,210) 

(5,455) 

(53,755) 

Wing  group 

26,310 

26,810 

Tail  group  - canard 

320 

320 

• vertical 

1,020 

1 ,020 

Body  group 

12,355 

10,205 

12,355 

Alighting  gaar  group  ■ main 

5,040 

5,165 

• auxiliary 

1,800 

415 

1,385 

Engine  taction  or  nactlla  group 
Air  induction  system 

5,800 

5,800 

Propulsion  group 

Engine  (.as  inttallad) 

P\  (SLS)  • 27,500  i /Engine 

(16,605) 

11,420 

(11.630) 

11,420 

(5,065) 

Accessory  gear  boxes  5 drives 

400 

400 

Exhaust  system 

« 

Cooling  5 drain  provisions 

40 

40 

Engine  controls 

215 

215 

Starting  ayitem 

285 

210 

75 

Fual  system 

4,335 

4,335 

Pan  (aa  inatallsd) 

• 

Hot  gaa  duct  eyetem 

• 

Equipment  group* 

(33,460)  l, 

(11,730) 

(21,730) 

Plight  controls  group 
Auxiliary  power  plant  group 

2,790 

300 

200 

2,790 

100 

Instnmwnts  group 
Hydraulic  and  pnsumutic  group 

955 

1,260 

955 

1,260 

Electrical  group 

6,295 

600 

5 ,635 

Avionics  group 

12,035 

3,980 

3,955 

Armament  group 

1,165 

1,165 

• Furnishings  and  equipment  group 

2,530 

2,530 

Air  conditioning  group 

5,105 

1,890 

3,215 

Anti -icing  group 
Photographic  group 

m 

Load  and  handling  group 

125 

125 

HP.LW3  (dry) 

10,360 

10,360 

Total  weight  amply 

110,725 

28,815 

90,910 

Craw 

072 

Fual  • unusable 

3,440 

Fuel  • usable 

344,000 

Oil  • engine 

240 

Passtngers/cargo 
Armament  • missile  launcher* 

4,630 

- missiles 

50,000 

BXCM  dispenser 

440 

IIUI.IVK  fuel 

2,005 

Equipment  * food  and  water 

75 

* survival  gear 

1)5 

* miscellaneous 

its 

\ 

Total  useful  load 

400,672 

Takeoff  gross  weight 

520,307 

Flight  design  gross  weight 
Landing  design  gross  weight 

420,000 
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200,000  300,000  400,000  500,000 

Groil  weight  ~ lb  UNCLASSIFIED 

(U)  Figure  D-5.  D645-5  ISADS  - defensive  laser  concept 

wing  weight  matrix.  (U) 

(U)  TABLH  D- 10,  D64S-S  - ISADS  DEFENSIVE  LASER  CONCEPT  MATERIAL  BREAKDOWN  (U) 


Component 

Total 

Alim  1 rum 

Titan lun 

Uteri 

Advanced 

i2omjwi»ite 

Re nonan t 
array 

(fiber, lain/ 
metal ) 

Mine 

and 

other* 

Wing 

(do, >lm 

f 40 ,8  111) 

(d,d30) 

(440) 

idd.odsi 

1940) 

Id'S) 

Multlapure  plate 

31,71*5 

dl,7o3 

1,050 

140 

10,015 

non 

SPF/DB 

505 

51)5 

580 

15 

Bonded  honeycomb 

d ,450 

4,450 

5,010 

940 

Vertical  and  ventral 

(3,540) 

(5.54111 

(570) 

(1,805) 

(05) 

Moltlnpar  plate 

1.30ft 

1, 3fiS 

10 

1,100 

Oj 

SPI'/OR 

JM1 

500 

5o() 

Bonded  honoyoanh 

til  5 

MS 

015 

Funolnge 

( IC.ftSS) 

(Id, 555) 

(',050) 

(1,000) 

(150) 

Id, 735) 

(100) 

1000) 

Friune/longeron  • 

SPP 

10,7dS 

10 , "55 

7,030 

1,000 

150 

1.JS5 

oOO 

Bonded  liontyeomh 

1,0  JO 

1 ,0.50 

1,530 

loo 

Main  gear 

10,50ft 

5,040 

5,105 

705 

soil 

4,005 

05 

Non*  gear 

1,(100 

415 

1,585 

340 

"5 

050 

• l» 

Nacelle  and 

eng  ncet 

1 S .Hot) ) 

(5,8001 

14,510) 

( 100) 

1 !>S3 1 

1 1 ■ 5 ) 

Frame/ longeron 

1,150 

1,190 

loo 

055 

55 

■SPF/DB 

4,050 

4,050 



4,510 

140 

Total  xt met  ure 

I5P.JI0) 

(5,455) 

183,755} 

(5,705) 

(58. I’D) 

(040) 

m 
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SUBSONIC  ENGINE  CHARACTERISTICS 

(U)  TABLE  E-l.  MF78-01  COMPONENT  PERFORMANCE  LEVELS  (U) 
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TABLE  E*l.  MF78-01  COMPONENT  PERFORMANCE  LEVELS  (CONCL)  (U) 


High-pressure  turbine 

Design  adiabatic  efficiency 

0.895 

Stator  cooling  flow,  % of  compressor  flow 

3 

Rotor  cooling  flow,  4 of  compressor  flow 

3 

Design  discharge  mach  number 

0.45 

Number  of  stages 

1 

Low-pressure  turbine 

Design  adiabatic  efficiency 

0.91 

Stator  cooling  flow 

0 

Rotor  cooling  flow 

o 

Design  discharge  mach  number 

0.45 

Number  of  stages 

2 

Augmenter 

Design  efficiency 

0.95 

Design  total  pressure  loss,  AP/P 

0.15 

Dry  total  pressure  loss,  AP/P 

0.045 

Maximum  augmenter  temperature,  °R 

3,960 

Inlet  mach  number 

0.25 

Mixer 

Hot -st ream  mach  number 

0.3 

Cold-stream  mach  number 

0.3 

Mixed-stream  mach  number 

0.3 

Hot-stream  pressure  loss,  AP/P 

0.015 

Cold-stream  pressure  loss  (fan  to  mixer,  AP/P 

0.025 

Mixing  pressure  loss,  AP/P 

0.02 
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(U)  TABLE  E*2,  MP78-01  INSTALLATION  EFFECTS  (U) 


Inlet  type 

Pitot 

Capture  area,  sq  in. 

2,013 

Throat  area,  sq  in. 

1,610 

Throat/capture  area 

0.8 

Subsonic  duct  loss  coefficient 

0.03 

Inlet  recovery 

Theoretical  computer  program 

Inlet  drag 

Figure  B-l 

Nozzle  external  performance 

Figure  E-2 

Gross  thrust  loss  due  to  leakage  and  friction 

0.01S 

Gross  thrust  loss  due  to  under/overexpansion 

Theoretical  computer  program 

Power  extraction,  hp 

400 

Compressor  interstage  bleed,  lb/sec 

2.0 
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0.  II 


0,0«i 


0,04 


0,00 


n 

■ 

■ 

■ 

H 

■ 

■ 

HE 

■ 

■ 

SB 

« 

■ 

K 

ffi 

a 

■ 

IS 

a 

■ 

■ 

a 

5 

M 678 


07|  176 


UNCLASSIFIED 


Ao/Aa 


(U)  Figure  E-l.  Pitot  inlet  drag,  low-cost  aircraft. (U) 
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(U)  Figure  E-2.  Nozzle/afterbody  drag  increment,  low-cost  aircraft.  (U) 
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SUPERSONIC  ENGINE  CHARACTERISTICS 

(U)  TABLE  E-3.  MF78-02  COMPONENT  PERFORMANCE  LEVELS  (U) 


Fan 

Design  pressure  ratio 

3.4 

Number  of  stages 

3 

Design  adiabatic  efficiency 

0.855 

Design  inlet  mach  number 

0.55 

Design  outlet  mach  number 

0.5 

Hub/ tip  ratio 

0.39 

Bypass  duct  mach  number 

0.3 

Compressor 

Design  corrected  flow  (W ^9^/6^,  Ib/sec 

65.2 

Design  pressure  ratio 

10.3 

Number  of  stages 

7 

Design  adiabatic  efficiency 

0.87 

Design  inlet  mach  number 

0.5 

Design  outlet  mach  number 

0.35 

Hub/tip  ratio 

0.8 

Maximum  discharge  pressure  limit,  psia 

810 

Combustor 

Design  efficiency 

0.99 

Design  pressure  loss,  AP/P 

0.06 

Design  diffuser  inlet  mach  number 

0.3 

Fuel  lower  heating  value,  BTU/lb 

18,560 
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TABLE  E-3.  MF78-02  COMPONENT  PERFORMANCE  LEVELS  (CONCL)  (U) 


High 'pressure  turbine 

Design  adiabatic  efficiency 

0.895 

Stator  cooling  flow,  4 of  compressor  flow 

3.6 

Rotor  cooling  flow,  4 of  compressor  flow 

3.6 

Design  discharge  mach  number 

0.45 

Number  of  stages 

2 

Low-pressure  turbine 

Design  adiabatic  efficiency 

0.91 

Stator  cooling  flow 

0 

Rotor  cooling  flow 

0 

Design  discharge  mach  number 

0.45 

Number  of  stages 

2 

Augmenter 

Design  efficiency 

0.95 

Design  total  pressure  loss,  AP/P 

0.164 

Dry  total  pressure  loss,  AP/P 

0.04S 

Maximum  augmenter  temperature,  #R 

3,960 

Inlet  mach  number 

0.27 

Mixer 

Hot -stream  mach  number 

0.31 

Cold-stream  mach  number 

0.31 

Mixed «st ream  mach  number 

0.31 

Hot -stream  pressure  loss,  AP/P 

0.015 

Cold-stream  pressure  loss  (fan  to  mixer) , AP/P 

0.025 

Mixing  pressure  loss,  AP/P 

0.02 
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(U)  TABLE  B-4.  MF78-01  INSTALLATION  EFFECTS  (U) 


Inlet  type 

Pitot 

Capture  area,  sq  In. 

1,768 

Auxiliary  inlet  area,  sq  in. 

860 

Inlet  recovery 

Figure  E*3 

Inlet  drag 

Figure  E»4 

Nozzle  performance 

Figure  B-5 

Cross  thrust  loss  due  to  leakage 

0.005 

Power  extraction,  hp 

250 

Compressor  interstage  bleed,  lb/sec 

1.3 
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Carneiu  flow  • Wvj  • 100  lh/i»a 

CU)  Figure  E-3.  Inlet  recover y,  minimum  time  penetrator.  (U) 
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CU)  Figure  8-4.  fnlet  drag,  minimum  time  penetrator.  (U) 
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NUCLEAR  ENGINE  CHARACTERISTICS 

NUCLEAR  POWER 

(U)  A trad*  study  was  performed  to  determine  if  nuclear  reactors  could  be  used 
to  power  aircraft  engines  and  be  competitive  with  conventionally  powered  air* 
craft.  It  appears  that  with  a vigorous  research  and  development  program,  the 
necessary  technology  could  be  made  available  for  a strategic  aircraft  with  an 
IOC  in  the  year  2000. 

(U)  It  was  found  in  previous  studies  (References  17  and  18)  that  use  of  JP 
fuel  for  an  emergency  range  capability  and  for  takeoff  and  landing  (with  the 
reactor  inoperative  for  safety  reasons)  severely  penalized  nuclear-powered 
aircraft.  These  aircraft  were  as  much  as  80  percent  heavier  than  a conven- 
tional aircraft,  and  they  carried  as  much  as  6S  percent  of  the  JP  fuel  of  the 
conventional  aircraft.  Containment  of  reactor  system  elements  has  been  demon- 
strated (Reference  19) , and  it  is  therefore  believed  practical  to  use  the 
reactor  power  during  takeoff  and  landing.  Thus,  a configuration  with  two 
reactors  and  no  JP  fuel  was  selected.  With  two  reactors,  the  airplane  has 
reactor-out  flying  capability. 

(U)  The  five  airplane  concepts  were  examined  to  determine  which  aircraft 
might  benefit  from  a nuclear  installation.  The  stealth  aircraft  was  selected 
for  the  following  reasons: 

1.  The  nuclear  reactor  and  shielding  require  a large  volume.  The 
stealth  aircraft  appeared  most  capable  of  handling  that  volume. 

2.  Use  of  a high -bypass -ratio  engine  to  eliminate  the  need  for  thrust 
augmentation  with  JP  fuel  or  with  an  additional  heat  exchanger  is 
desirable,  The  large-diameter,  high-bypass-ratio  engine  is  most 
easily  accommodated  in  the  stealth  airplane.  This  type  of  engine, 
with  its  low  exhaust  gas  tenperatures , also  reduces  infrared 
radiation  signature  (IRS) . 

3.  The  lack  of  combustion  products  in  the  engine  exhaust  flow  reduces 
IRS  still  more. 

(U)  The  propulsion  system  selected  initially  and  areas  where  further  study 
should  result  in  reduced  vehicle  weight  and  cost  are  discussed  in  the  follow- 
ing paragraphs. 


ENGINE  CYCLE 

(U)  In  an  attempt  to  minimize  engine  size,  a relatively  high  turbine  inlet 
temperature  of  2,400*  F was  selected.  Current  studies  of  nuclear  power  in 
space  applications  are  using  high-pressure  helium  as  the  reactor  coolant  with 
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helium  temperatures  in  excess  of  2,400*  F (Reference  20).  This  temperature 
also  coincides  with  thte  projected  maximum  temperature  for  uncooled  turbines. 

A high  overall  pressure  ratio  of  2S  was  selected  to  minimite  heat  exchanger 
volume  and  weight.  A moderately  high  bypass  ratio  of  4 was  selected  to  mini- 
mize heat  exchanger  size  and  to  allow  a reasonable  thrust/drag  match  at  the 
mach  0.7  penetration.  Engine  characteristics  are  summarized  in  Table  E-5.  (U) 


REACTOR  AND  SHIELDING 

(U)  Reactor  power  and  dimensions  were  determined,  and  several  approaches  to 
shielding  were  examined.  Unit  shields  (with  all  shielding  around  the  reactor) 
were  quickly  eliminated  from  consideration  because  of  excessive  weight  penal- 
ties. A range  of  aircraft  crew  and  ground  crew  dose  rates  were  examined  with 
and  without  shield  augmentation  (adding  shielding  around  the  reactor)  while 
the  aircraft  was  on  the  ground.  Reactor  and  dhieldlng  weights  and  dimensions 
are  shown  in  Tables  E-6  and  E-7,  respectively,  for  four  configurations: 

1.  With  augmentation  and  ground  crew  dose  rate  of  1 r/hr 

2.  With  augmentation  and  ground  crew  dose  rate  of  5 mr/hr 

3.  Without  augmentation  and  with  ground  crew  dose  rate  of  1 r/hr 

4.  Without  augmentation  and  with  ground  crew  dose  rate  of  5 mr/hr 

Figures  E-6  and  F.-7  show  schematically  the  crew  shield  and  the  reactor  shield 
assembly,  respectively. 

(U)  For  all  these  configurations,  the  aircraft  crew  dose  rate  was  5 mr/hr. 
Ground  crew  dose  rates  are  for  30  minutes  after  reactor  shutdown  at  a distance 
of  20  feet  from  the  center  of  the  reactors.  In  all  cases,  airport  personnel 
at  a distance  of  one-half  mile  during  takeoff  would  receive  less  than  5 mr/hr. 

(U)  The  1 r/hr  dose  rate  is  somewhat  high  and  therefore  was  considered  only 
to  show  trends.  Of  the  two  cases  with  5 mr  dose  rate,  the  unaugmented  case 
requires  extremely  heavy  shielding.  Thus,  the  case  of  greatest  interest  is 
that  with  a ground  crew  dose  rate  of  5 mr/hr  with  shield  augmentation.  The 
augmentation  would  require  some  special  handling  procedures . The  reactor 
shield  would  be  designed  with  a shell  container  such  that  material  such  as 
mercury,  lead  shot,  or  steel  shot  could  be  "poured"  into  the  shell  and  sur- 
round the  reactor.  The  augmentation  material  could  then  be  removed  just  prior 
to  flight.  While  some  special  handling  is  required  for  this  concept,  it  does 
provide  an  aircraft  with  essentially  infinite  range/duration  capability,  with 
only  a modest  increase  in  takeoff  gross  weight  relative  to  the  baseline 
stealth  aircraft. 
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(U)  TABLE  E-S.  MF78-03  ENGINE  CHARACTERISTICS  (U) 


Sea-level  static,  maximum  power  thrust,  lb 

Uninstalled 

60,000 

Installed 

55,000 

Design  airflow,  lb/sec 

1,478 

Bypass  ratio 

4.0 

Combustor  discharge  temperature,  °F 

2,400 

Overall  pressure  ratio 

25 

Fan  front  face  diameter,  in, 

90 

Maximum  diameter  (at  nozzle) , in. 

97 

Overall  length,  in. 

243 

Center  of  gravity,  in.  from  fan  front  face 

90 

Dry  weight,  lb 

7,500 

Fan 

7,500 

Design  pressure  ratio 

1.97 

Number  of  stages 

1 

Design  adiabatic  efficiency 

0.858 

Design  inlet  mach  number 

0.55 

Design  outlet  mach  number 

0.5 

Hub/ tip  ratio 
Bypass  duct,  mach  number 

Compressor 

0.39 

Design  corrected  flow  (wV^2/8T2),  lb/sec 

168 

Design  pressure  ratio 

12.7 

Number  of  stages 

7 
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(U)  TABLE  E-S.  MF78-03  ENGINE  CHARACTERISTICS  (CONCL)  (U) 


Design  adiabatic  efficiency 
Design  inlet  mach  number 
Design  outlet  mach  number 
Hub/Tip  ratio 

Maximum  discharge  pressure  limit,  psia 

High-pressure  turbine 

Design  adiabatic  efficiency 
Stator  cooling  flow,  \ of  compressor  flow 
Rotor  cooling  flow,  % of  compressor  flow 
Design  discharge  mach  number  ' 

Number  of  stages 

Low-pressure  turbine 

Design  adiabatic  efficiency 
Stator  cooling  flow 
Rotor  cooling  flow 
Design  discharge  mach  number 
Number  of  stages 

Mixer 

Hot -stream  mach  number 

Cold- stream  mach  number 

Mixed- stream  mach  number 

Hot-stream  pressure  loss, AF/P 

Cold-stream  pressure  loss  (fan  to  mixer) , AP/P 

Mixing  pressure  loss , AP/P 
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(U)  TABLE  E-6.  REACTOR  AND  SHIELD  WEIGHTS  (POUNDS)  (U) 


Shield  type 

Augmented 

Not  augmented 

Ground  crew  dose  rate 

1 r/hr 

5 mr/hr 

1 r/hr 

5 mr/hr 

Front  fixed* 

5,434 

5,434 

5,434 

5,434 

Side  fixed e 

10,354 

10,354 

10,354 

10,354 

Rear  fixed* 

1,729 

1,729 

1,729 

1,729 

Total  fixed* 

17,517 

17,517 

17,517 

17,517 

Front  auga 

- 

- 

6,947 

Side  auge 

- 

- 

34,380 

67,010 

Rear  auge 

- 

- 

6,505 

15,280 

Total  augmented 

- 

- 

40,885 

89,237 

Front  neutron 

6,666 

7,055 

6,666 

7,955 

Side  neutron 

9,263 

11,810 

9,263 

11,810 

Rear  neutron 

4,761 

6,020 

4,761 

6,020 

Neutron  shield  struct 

3,300 

4,000 

3,300 

4,000 

Total  neutron  shield 

23,990 

29,785 

23,990 

29,785 

Total  shield 

41,507 

47,302 

82,392 

136,539 

Reactor  controls 

6,505 

6,505 

6,505 

6,505 

Reflector 

6,288 

6,288 

6,288 

6,288 

Ducting 

4,500 

4,500 

4,500 

4,500 

Heat  exchanger 

12,000 

12,000 

12,000 

12,000 

Helium  pump 

2,000 

2,000 

2,000 

2,000 

Total  reactor  shield  assy 

72,800 

78,595 

113,685 

167,832 

Two  assemblies 

145,600 

157,190 

227,370 

335,664 

Crew  shield 

22,335 

22,325 

22,335 

22,335 

Total  nuclear  plant 

167,935 

179,525 

249,705 

358,000 
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TABLE  E-7.  REACTOR  SHIELD  DIMENSIONS  (INCHES) 


l. 


Shield  Type 

Augmented 

Not  Augmented 

Ground  crew  dose  rate 

— 
1 r/hr 

5 mr/hr 

1 r/hr 

5 mr/hr 

Overall  length 

124 

130 

124 

130 

Nominal  diameter 

98 

104 

98 

104 

Front  y thickness 

4.4 

4.4 

4.4 

6.9 

Front  y aug  thickness 

0 

2.5 

- 

- 

Front  neut  thickness  (total) 

45 

45 

45 

45 

Side  y thickness 

1.4 

1.4 

4.4 

6.9 

Side  V aug  thickness 

3.0 

5.5 

- 

- 

Side  neut  thickness  (total) 

30 

30 

30 

30 

RearV  thickness 

1.4 

1.4 

4.4 

6.9 

RearV  aug  thickness 

3.0 

5.5 

- 

- 

Rear  neut  thickness  (total) 

30 

30 

30 

30 

Reactor  length 

36 

36 

36 

36 

Reflector  thickness 

6.0 

6.0 

6.0 

6.0 

Inner  neut  thickness 

6.0 

6.0 

6.0 

6.0 

Intermediate  neut  thickness 

4.0 

1 4.0 

... 

4.0 

M — 

4.0 
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3.0  in,  UN 
/ 0.25  In.  U 


i.o  In.  UN 


0.33  In.  u 


3,0  In  UN 


(U)  Figure  E-6.  Schematic  of  crew  shield.  (U) 
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(U)  Figure  E-7.  Schematic  o?  reactor  shield  assembly.  (U) 
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Reactor 

(U)  The  reactor  used  in  this  study  is  o£  the  reverse,  folded- flow  type 
described  in  Reference  21.  The  fuel  consists  of  3/16- inch-diameter  uranium 
oxide  pebbles  enriched  to  about  15  percent  in  U-235.  The  fuel  pebbles  are 
packed  into  20  beds  each  measuring  6 by  36  inches  and  having  an  average 
thickness  of  2.6  inches.  These  20  pebble  beds  are  spaced  radially  around  a 
central  island,  forming  a reactor  core  that  is  24  inches  in  diameter  and 
36  inches  long. 

(U)  The  reactor  coolant  is  high-pressure  helium  that  enters  the  side  of  the 
reactor,  turns  and  passes  through  a pebble  layer,  then  leaves  the  side  of  the 
reactor  in  a reversed  direction.  The  helium  enters  the  reactor  at  1,2008  F 
and  in  one  pass  is  heated  to  2 ,550®  F.  This  results  in  a maximum  fuel  surface 
temperature  of  2,868®  F.  The  reactor  pressure  drop  is  15  psi,  of  which  5 psi 
is  in  the  fuel  region. 

(U)  The  reactor  is  controlled  by  18  control  rods  that  operate  in  the  central 
island.  The  rods  contain  boron  carbide  neutron  absorber  material.  There  are 
six  operating  and  12  shim  control  rods. 

(U)  The  advantages  of  reverse  flow,  folded  reactors  are  that  they  are  very 
compact  and  lightweight  and,  at  the  same  time,  have  a rugged  fuel  element  with 
good  heat  transfer  characteristics.  The  thermal,  mechanical,  and  nuclear 
features  of  this  type  of  reactor  were  investigated  in  the  nuclear  aircraft 
program. 


Shield 

(U)  The  shield  concept  used  in  this  study  is  a divided  shield.  The  crew  is 
protected  by  relatively  thin  layers  of  depleted  uranium  to  attenuate  scattered 
gamma  rays  and  thicker  layers  of  lithium  hydride  to  remove  neutrons.  The  crew 
shield  was  held  fixed  at  22,335  pounds  for  all  four  cases. 

(U)  The  shielding  around  the  reactor  is  tungsten  (or  a similar  dense  material) 
for  gamma  rays,  and  lithium  hydride  (LiH)  for  neutrons.  A 6 -inch  reflector  of 
beryllium  oxide  is  placed  around  the  reactor  and  contributes  to  the  shield 
attenuation. 

(U)  All  four  cases  have  an  inner  gamma  shielding  layer  surrounding  the 
reactor  — front,  sides,  and  rear.  A layer  of  LiH  about  6 inches  thick  is 
between  the  reflector  and  this  gamma  shield  to  reduce  the  generation  of 
secondary  gammas.  The  two  nonaugmented  cases  have  a second  fixed  gamma  shield 
that  is  outside  the  first.  The  purpose  of  this  shield  is  to  reduce  the  dose 
rate  to  the  ground  crew  to  5 mr/hr  at  a distance  of  20  feet  from  the  reactors 
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one-half  hour  after  shutdown  of  both  reactors.  Since  this  shield  is  not  partic- 
ularly useful  in  reducing  the  dose  received  by  the  flight  crew,  the  presence  of 
this  shield  during  flight  represents  a weight  penalty.,  (U) 

(U)  In  the  two  augmented  cases,  the  outer  gamma  shield  is  present  during 
ground  operations  but  is  removed  for  flight  operations,  at  least  when  high 
performance  is  desired.  The  shield  can  be  put  in  place  or  removed  by  being 
fluidised,  such  as  using  liquid  mercury  or  shot  made  with  lead,  tungsten,  or 
depleted  uranium.  The  difference  in  weight  between  one  shield  with  the  aug- 
mented shield  being  either  in  or  out  is  39,237  pounds  for  the  case  when  the 
ground  crew  receives  S mr/hr. 


HELIUM  HEAT  TRANSPORT  SYSTEM 

(U)  Several  nuclear  powerplant  cycles  were  given  consideration.  The  direct 
air  cycle  where  the  compressor  discharge  airflow  is  passed  through  the  reactor 
and  then  to  the  turbine  was  rejected  because  of  the  possible  safety  problems 
arising  in  the  event  of  fuel  element  failure.  Liquid-metal -cooled  reactors 
used  in  an  indirect  cycle  can,  in  principle,  lead  to  lightweight  powerplants. 
However,  liquid-metal  systems  would  have  difficulty  reaching  the  desired  cycle 
temperatures , In  addition,  the  complexity  and  safety  problems  of  liquid-metal 
systems  in  a military  aviation  environment  are  formidable. 

(U)  The  selected  system  uses  high-pressure  helium  to  cool  the  reactor  and 
deliver  heat  to  the  engine.  This  cycle  has  some  of  the  simplicity  of  the 
direct  air  cycle  and  the  lightweight  features  of  the  liquid-metal  cycles.  At 
high  pressure,  helium  has  good  heat  transfer  characteristics.  It  is  non- 
corrosive  and  has  a negligible  nuclear  effect  on  the  reactor.  Any  radioactive 
particles  released  by  the  fuel  elements  will  be  contained  by  the  closed  helium 
loop. 


AIRCRAFT  PROPULSION  IMPROVEMENTS 

(U)  During  the  trade  study,  several  areas  were  identified  where  refinements 
could  be  made  to  reduce  the  aircraft  gross  weight.  It  was  found  that  the  air- 
craft drag  characteristics  were  such  that  an  engine  cycle  with  higher  bypass 
ratio  or  lower  turbine  inlet  temperature  could  be  used.  The  engine  cycle  has 
a large  impact  on  the  heat  exchanger  weight  and  volume.  For  example,  changing 
turbine  inlet  temperature  from  2,300®  to  2,200®  F with  a cross-counter  flow 
heat  exchanger  resulted  in  a reduction  in  heat  exchanger  weight  from  22,000 
to  12,000  pounds.  Turbine  temperature  reduction  would  also  aid  in  the 
selection  and  cost  of  the  helium  ducting.  The  helium  flow  rate  also  has  a 
large  impact  on  heat  exchanger  weight.  By  increasing  the  helium  flow  rate 
from  67  to  134  lb/sec,  the  weight  of  a counterflow  heat  exchanger  was  reduced 
from  22,000  to  13,500  pounds.  Other  parameters  which  affect  heat  exchanger 
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and  angina  weights  include  compressor  discharge  temperature  and  pressure, 
air-side  heat  exchanger  pressure  loss,  and  helium-side  heat  exchanger  pressure 
loss.  Thus,  significant  improvements  in  the  total  propulsion  system  would  be 
expected  with  additional  effort  in  these  areas.  (U) 

(U)  Aircraft  thrust -to -weight  and  wing- loading  ratios  were  held  at  the  base- 
line values  for  this  trade  study.  Reoptimization  of  these  parameters  with 
the  new  engine  characteristics  should  result  in  vehicle  weight  improvements. 
Additionally,  a relaxation  of  takeoff  distance  from  6,000  feet  to,  say,  7,000 
or  8,000  feet  would  reduce  weight  still  further. 


UNCLASSIFIED 

241/242 


UNCLASSIFIED 


Appendix  F 
COSTING  DATA 
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STATIC  465ICI!  1IS7 

1130.17 

1114.16 

0.0 

1630.76 

0*0 UNO  till 

5434.13 

1114.65 

.2-2 

- 2(2 .. 

HQCKUP  t II  611678*1 

1133.31 

1347.51 

b;o 

PU8H1  T* ST 

1446.lt 

1141.77 

3.) 

i.) 

Mmim*-**  * 

JU6in  4.0 

16fV.IT 

4.0 

— r.o 

0.0 

no  ~ 

|j| 

166615  | IIIIH  61674 

115.44 

4.) 

i.i 

641.01 

766  ININO 

1053.45 

0.0 

0.0 

0.0 

6IIQC.  111.  HCOlPICtTfCI. 

1.1 

1.1 

0.0 

0.0 

lNnllTP  111  (6?  until 

0.4 

4.0 

4.0 

0.0 

171.  5M86.  1 66611*66  »0(T. 

-%|4* 

. . jii 

0.1 

till 

w 

^.0 

0.0 

UNCLASS I PI fO 

Shis  is  best  quality  praoxicsJ#® 
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UNCLASSIFIED 


mac* nn ts*rs  min  ffn  tores  ccsr  n*  a PHiirorvfti  At8C«A8Ti  o)/it/?8 

ALL  COST  IN  ThUJSANOS  AND  HI)  0CLLA8S 

MODI'  8*  I AK  PPwN  A T*  UC  TUD  I LAHP8  MAT  S*  f AL 


(NO. 

SHOP 

TMfJl. 

*808. 

(NO. 

MPU*. 

TOOL. 

total 

tc t a i pppcaa*  cnsr  inclios  *r t 

334  T22*. 0 

TOTAL  M0G84M  CIST  I'iCUICf  ISA 

1 1 JASSO. 0 

327699. 1 

3*7364.2 

3*6123 .6 

1299 1*. 9 

1*3936.9 

*9982,8 

3149(59, 0 

TrTAL  PPOO.  IfiCL.  MAIL.  PLIDD A N 

loTca*.  j 

3 7933  S. 7 

317713.8 

326931.6 

122981.1 

139*12.1 

♦3111.9 

3999701, 0 

Tcf al  pdpcham  ns*  lpss  oca 

LCTCCIA.O 

309)3*. 7 

317703  .8 

3268)1.6 

111*3*. 4 

12)101.9 

394)4.) 

2*12)43.0 

«1»  vSMCll 

**71*1.8 

38764,6 

327703.8 

20*712.9 

19016.0 

6)706.1 

3*4)1.) 

11*9817.9 

* I*f  A *Mf 

**T7A|.  9 

367**. A 

11(192.* 

136088 .2 

1901*. 0 

93706.1 

14288.0 

106**06.9 

IAS  I C S78UCTUM 

110  1C  7. A 

0.0 

289102.* 

1)6488.2 

0.0 

*0096.9 

>4211.0 

*0***0. 9 

•U)  (LAOS 

1008  1*.  1 

0.0 

189*11.* 

41*98.7 

I.) 

16117.9 

222*2.1 

*17*97.2 

M INC 

6118*  8 

13.0 

64*73.2 

1271*. 2 

0.9 

>31)4. S 

1)99.1 

i)***».l 

IM8INNAC? 

1911. 9 

0.13 

2IU8.U 

10069.4 

0.0 

1**1. T 

34*1.0 

**)**. 2 

Nienii* 

7*6,  6 

0.0 

1171.0 

483,9 

1.) 

27*.) 

169.1 

32*1.9 

(.9.  ILTfC.  ASSY. 

0.0 

0.0 

0.0 

0 .0 

0.0 

0.0 

9.0 

0.0 

laa") inc  rrt» 

*191.0 

0.0 

0.0 

0.9 

0.9 

10212.7 

0.0 

1*370.6 

PPPPHISIPN  IYST««  INSTALL 

MISS.* 

Jm  J 

1.3 

I. I 

3.) 

9.) 

>.0 

14181.6 

DUfL  SYST8M 

12071.* 

0.0 

9.9 

0.0 

3.3 

" 'ft  06 9,1 

'0.6* 

'•'UUl'.O 

IL8CT*|CAL  SYSTS* 

10111.2 

0.0 

0.9 

0.1) 

0.9 

*976.0 

9.0 

1(256.) 

SBCt  NCAD  Y 80 M8P 

208.* 

0.  I 

1,9 

1.1 

1.  J 

*1(2.9 

1.0 

*399.4 

MY  DA  All*  1C  P0M89 

mot. * 

0.0 

0.0 

0.0 

0.0 

1919.4 

9.0 

2*1*2.) 

INVI80M«NTAL  CPNT80L 

19  30*.  2 

0.0 

9.0 

0.0 

0.0 

12*88.0 

0.0 

679*7.1 

.....  C.*f_M  AJCC'JMMOOA T IONS 

1 Ml.  I 

). ) 

3.9 

1. 1 

1.3 

916. ( 

0.0 

1 9(1. 1 

C6Nf»hus  t,  iJHIUyT" 

Moiv.r 

" 0.0 

9.0 

"0.3 

9.6 

rw.r 

— r.o" 

-■  n?4"*vi' 

81  IO.MT  rnMTH'US 

1(7071. 1 

0.0 

0.0 

0.0 

o’.o 

71*6.* 

0.0 

27471.7 

A/r  INTI*,  ASSY,  INSTALL  7.  CP 

29)9*1.2 

)87**.A 

0.0 

0.0 

10016.0 

9.0 

0.0 

2(2  7*0.* 

8NC1NM8  IN(I  T8CMNPLP6I8S 

117938. * 

387**.* 

0.0 

0,0 

10016.0 

0.0 

0.0 

17*317.9 

M* 10ST  CfiNTPPL 

*128.9 

2.* 

0.0 

0.0 

10.1 

9.9 

0.0 

*1*1.5 

■ VJ-AUTIM,;  HLIfTfP  _ 

..JlliilA. 

)U*,0 

O.Q 

0 .0 

mof.j 

9.0 

0.0 

14***.* 

Alf*6Cvlii)* 

0)7|l 

ITT 

o.J" 

r;r 

1 3.9 

y_r~ 

Ttrrrr 

TM  lAMOOYMM  (8  S 

691C8.J 

176.0 

0.0 

0.0 

1)16.0 

0.0 

0.0 

***01.1 

JT8UCTI/P IS 

*9**1.) 

>9)97.8 

0.9 

0.0 

66(31.9 

0.9 

0.0 

17*14.9 

OU  ION  SU880DT  'SCPNOLOOIIS 

28)19.1 

9.  ) 

0.9 

1.3 

3.3 

3.9 

0.0 

2(315.1 

A/8  ASSY,  INSTALL  t CO 

681C7.1 

0.0 

0.9 

0.0 

0.(3 

0.0 

0.0 

*1107.1 

AVIONICS  Uf Cl 

0.0 

0.13 

0.0 

0.0 

0.0 

0.0 

0.0 

19*400.9 

'8t»rr*UNT  tc?it  ~ 

J*  ) 

9*  3 

0 *{J 

3.9 

~ 0.9 

0*0  flEijfiT 

A/V  INTSO*ATIPN,  assv.  install 

0.0 

0.0 

*2*01.* 

71744.7 

0.9 

0.0 

1141. 1 

120144.1 

UNCLASSIFIED 


ALVCrnMMN>THNl!iAigS*NAKO<VMT  Of  LLMI 
mC*k  i*  i m comm  it*uctl*( 


DOTH  COT  TOD  A MOTBTYM  A1IC8A8TJ 
LA  80*  MATIAIAL 


TUT  t (VALUATION 

- - 

STATIC  ah  r i cl  it  TCIT 
HIBHT  T»tf 

IMMI  t MM  18  »A«*| 

T**IN|N(I 

ASSOC.  S VI.  M00I8ICATI9N 
INOUSTMAL  MCILITIII 

tjiflma.fliaii 


SNA, 

masi.t 

ITU*.  I 
I1I14*,4 
11)11.1 

71110.1 

• iruii* 

31116.2 
9.  ) 
0.0 


SHOD 

turn. i 

TJ.l 
Itf  I *.l 
»*0**.t 
281**.* 
*k*l».T 
till*.) 
0.0 
0.3 
9.  J 
0.0 
9.0 
0.0 


Toei. 

0.9 

0.0 

0.9 

0.9 

1.0 

9.9 

9.9 

- ?:l 

0.9 

0.0 

0.9 

0.0 


•Wrt- -SH — » 


NOOK. 
10)9**  .* 

0.0 

1*001 .9 

9.) 
9.0 
9. ) 
0.0 
'3.0 
i: lt*l  <1 
9.0 
0.0 
9.9 
__4;0 


iso. 

101*11.* 
1*8  ll** 
6*93.8 
8IJT.9 
AMT. I 
»))**. » 
IITI*.  1 

n 

3.9 

0.0 

0.9 

0.9 

0.0. 

IT) 


1*80*. 

tOOIT.I 

1091?!? 

10011. T 
9.9 
9.9 
0.9 
0.0 
'0.9 
4179.4 
9.0 
0.0 
0.0 


TOOL. 

0.0 

u 

9.0 

9.0 

0.0 

9.0 

w- 

0.0 

9.0 

0.0 

0.0 


03/14/TI 


TOTAL 

TA1T11.* 

Aim 

itiui.i 
14(119. A 
1)I1(*.0 
1OIT0I.1 
0.0 
mot.* 

(HAT.* 
IIID.I 
0.0 
0.0 


M IS  MSI  F“0IlCML! 

Wi  10  ooo 


UNCUSS  I FI  ED 


UNCLASSIFIED 

256 


1 


UNCLASSIFIED 


AI8C8A8TI  ISADS  “ IN  PIN  sprtn 

all  costs  .ln_«lu.iqn! .*!*).. in  ht?  ipllaps. 

4am.aiUi&£auiLSi&uuiJ&&  ..... 

stu* 

TOTAL  P4008AN  Cf'ST  INCLUOINO  *is  2992.84 
TIT  Al  PA0IS8AM  COST  INC  LOT  I6G  OCA  2T20.  81 
TOT  At,  MDOUt  CIST  LPSS  HA  2686.  80 

YiT  vtsmi  ' 2*64.80 

* I R PH«wf  2160.66 

BASIC  ST8UCTU68  1714.40 

PUiPLACI  ‘ 661.  or 

NINO  466*  16 

— mm — n:«- 

BASIC  STAUCTUAP  1SS8M8LY  161,11 

LANE  INS  fl|AA  0,0 

KU61  SYSTEM  11,04 

AUGHT  VtHlEll  POwF“  616,40 


CONTROLS  ANO  0UR1AVS 
81,. IOHT  CONSOLS 
ARM  AN  BN  T 

a in  inco:tt«n  control  systir 

A16A8A6I  INTIMATION  C CHICK 

fN^ifii*  wrTTtrammi  i — • 


AACOOCTtON  COST  80*  *00  UNITS 

UNIT  AVO,  PLVAWAY.  COST  . ,44.4,6? 


««A*«a 

B&tu 
264*. 86 

7 Hftt 

\«Bt 

Utah  «■•«**»•• 

m n 
680.60 

Mi 

.&i!U 
1116. 06 

27*0.  SI 

6 42.18 

270.66 

627. T) 

342.61 

1660.04 

2686. 80 

663.66 

*66.6* 

447.16 

370.14 

1666.06 

2S88.80 

1,63.66 

26  6,6  2 

’ 44  7.  if 

37UYH  ' 

fJii.06 

2160. 64 

6 46.6* 

*21.66 

49  7.66 

114.16 

1166.06 

1716.60 

646.1* 

168.44 

116.0* 

*66.67 

476.16 

661.07 

664,71 

100.71 

107.66 

166.46 

147.10 

464.  11 

118.66 

44.06 

6.67 

73,11 

*61. 4t 

26.64 

67.61 

6.14 

2.71 

9.44 

■I.W 

’ 1.74 

birr 

ot rj 

'17  nr- 

14*,U 

17.23 

Ls.oi 

0.0 

*6.26 

0.0 

0.0 

0.0 

0,0 

4,46 

0.0 

114. B* 

11.04 

0.0 

1.04 

11.44 

1 .6  B 

IB. 13 

*14,40 

0.0 

IB. 40 

16.04 

*7.61 

10B.41 

0.0 

0.0 

0.0 

64.24 

0.0 

204.61 

- Tr;xr — 5.r 

~T.Tf 

~-37ir““rnT" 

5775 — 

0.0 

0.0 

0.0 

4.61 

0.0 

66.66 

104,18 

0.0 

1.71 

21.62 

12.10 

117.10 

0.0 

0.0 

0.3 

1.67 

■1.) 

16.21 

21.46 

0.0 

1.60 

27.  74 

2.77 

0.0 

0.0 

0.0 

0.0 

210. 10 

U.O 

0.0 

oi/u/n 


TO  TAL 

—.tail 

6681.66 

6164.86 

6668,66 

8466,64 

6486.04 

1401.11 

1664.61 

10IT.14 

JliilO. 


*61.6! 

144.04 

*4.41 

4*4.87 

*41.8* 

ivrr* 

40.08 

474.44 

16.88 

48.04 

-HfcW- 


OBSION  SUPPORT  TtCHNOLOOl* 6 

0.0 

0.0 

0.0 

10.66 

0.0 

0.0 

0.0 

10.BI 

61  AM  AMI  INSTALL  S CHICMPLT 

0.0 

0.0 

0.0 

61.46 

0.0 

0.0 

0.0 

91.46 

PROPULSION  1681 1 

4.  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

*102.16 

AVIONICS  IO>II 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

412.00 

UNCLASSIFIED 


AIKCRAfTI  ||AOS  “IN  PIN  SPfAC 
'll»C»A8>  Wl'flMM  . |N  POUNDS 

..41.  ..II.  ..il. 
8UJ8UCI  14U10.  7144.  *1*. 

MAMI/LCMl  J4U10.  7144.  31*. 

IN  IN. STAG*  0.  0. 

UNO  HCNfY  0.  0. 

I*  All  HCKBY  0. 

C 1 88  DC  AID  4. 

IIJPIPPLAITIC  0. 

“tSC 

wlNO  U.  4414.  1* 

*8  IN-ST" (I*  0.  J. 

MIJITI-APA*  0.  1.  7* 

60 NO  HON IY  0.  J 1 

88  A*  | HCNfY  J. 

0188  UNO  I. 

AU88PPIASTIC  4414. 

8 I SO 

|»P|NNA0l  0,  ISA.  I 

I8IN-STICA  0. 

A(H  T|.JPA*  0.  J. 

fPNO  HfINlY  0.  A.  1 

88  41 1 H1NFY  0. 

pt 88  ItiNC  J. 

Hite 

SUMIPL  AST  IC  14'), 

NAC8UI  0.  11.  4 

8*  AMWLOAO  0.  I,  4 

INlN-STIflP  0,  I, 

•ONO  HON  IY  0.  ■). 

" MA'*8  hMIY  J. 

rirp  ApND  j, 

SU*»**LASTie  1J. 

“ISC 


.IQ.  .„U. 

0.  4*41. 

'J.  MKA. 

1.  I. 
J.  HOT. 


U.  1*1*8. 
0.  1 1. 
0.1,'  6*08. 
j.  ini. 


I.  18*4. 

1.  0. 

1).  A|8, 

J.  1*01. 


0.  11*. 

).  1 26 1 

0.  Oi 
0.  16. 


..to.  ..il.  .icm 

148.  1).  68080 » 

148.  0.  6184D. 

>.  ).  J. 

0.  0.  *137. 

0,  0 • 

).  I. 

0. 

*01). 

U.  ).  1*646. 

0.  0.  0. 

0.  J.  *0017. 

0.  0.  nil. 

j.  0. 

),  0. 

4414. 

414. 

1.  ).  *114. 

0.  0.  8, 

0.  0.  8*1. 

0.  J.  1116. 

0.  0, 


lMItt  PA/lii  IS  bn. Si1  ^UAIj11'¥  FHAUliOAJil*! 
yUftM  COfY  JURNISHJ®  PO  DOQ  -a-***" 


01/16/76 


smuctuai  wr  udaa. 

STKUCTUAAL  Mflwl  ht  j. 

lYlTIM  HONI  NT  0. 

UNRINO  0IA4  wr  14844. 

8JIL  IVITIM  WT  16)6. 

IL8CTRICAL  IrSTBN  NT  I7B7. 

HY  D6AUL  1C  SYS  f|N  WT  U14, 

AUK  AHwCR  1YITIM  WT  1164. 

ICS  WT  1100. 

ca*w  accon  wr  nit, 

C1NT80L  C DISPLAY  WT  616. 

8L  ICMT  CONTROL  WT  ||)|, 

A*“A“IN?  WT  1141. 

AtCS  “PC  HAN  I |W  WT  mi, 

8011 18“ CN  T WT  14116. 

INC  IN*  WT  1*404. 

8“PTY  WT  1*7068. 

80 IL  wr  1*14*1. 

now  siiPio. 

*714. 

888INNA0I  A4IA-S0  87  III. 

“17780  A6IA-S9  67  1*746. 

W I NO  f HO*  It  A8IA  1611. 

NINO  SIAN-8T  1*6,0 

MSI  It  IPAN.8T  *1,7 

OVIBALl  LBNOTH.IT  117.0 

ASIICT  • AT  ID  6.00 

DYNAMIC  IAISSUM  nil. 

“A*  W BLOC  I TY  1, AO 

IN  0 IN  It  8|»  A/C  4. 

A/C  THIUir  . LIS  16SS4A. 

“A*  out  1.  to 


UNCUSS  IF!  10 


UNCLASSIFIED 
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UNCLASSIFIED 


AlFCFAFTl  IlifU  MIN  FT  N SP f SP 

.wflMSUCS.  jfiijA.4  c* ta,  for  ijc  ini  ts 


01/14/ Ti 


PRODUCTION  MAN-HCUF3  IN  MILLIONS 


va&&.iUMiuuousiuiuus 

TOTAL  FROSRAM  HOURS 

m 

m 

m 

m 

20» 

11 J. Ill 

AIR  VSMCLI 

129.  112 

30.1*5 

11.392 

23.114 

IT. SIT 

204.037 

AIRFIAMf 

141. CS* 

2T.-I1 

14.764 

21.IR4 

13.343 

171.249 

•VAHf  STRUC'TllRR 

*4.  245 

IT. 413 

A. 01* 

3.663 

12.613 

1)4.044 

FUSILACF 

*6.423 

IT. 036 

4.130 

3.173 

7.430 

49.433 

NINO 

23.110 

6.141 

2.111 

9.329 

3.476 

33.617 

KMFSNMA9" 

1.  14S 

2.633 

9.211 

4.119 

0.439 

6.  MO 

NAC ILL  FS 

0.  ITT 

0.127 

0.411 

9.1)13 

3.034 

9.624 

FAS  10  STRUfTURl  ASStMFLV 

1.249 

1.116 

9.T14 

) • J 

1.1*4 

12.144 

' L AN (UN 4 ORAL 

4.  4 

4.9 

4.9 

9.216 

9.0 

0.116 

•OIL  STITRN 

1.452 

0.0 

4. 1*6 

9.621 

o.iro 

2.110 

RLIBMT  VgH|CLS  *Oii|R 

11.241 

0.4 

0,117 

1.611 

t.sn 

11.191 

RNVUOA'MFNTAL  CCNTROt 

0.9 

4.0 

0.0 

2.543 

0.4 

1.141 

C*  IN  ACCOMMO  OAT  IONS 

1.BT6 

0.9 

4. Ill 

9.141 

3.24) 

2. 411 

rrNTROLI  INC  OUFLAVS 

4.0 

4.0 

4.4 

J.217 

4.0 

9.117 

flibht  /,S*FT»ils 

4.  NOT 

4.0 

9. 624 

l.illl 

9. 374 

4,41) 

ar«amint 

4.  4 

4.4 

9.9 

4.932 

0.4 

3.311 

AIN  INDUCTION  CONTROL  STSTRN 

1.  Ill 

4.  9 

9.  1 73 

1.3U 

9.111 

2. 734 

A (t  F*AN(  INTRQRATICN  t.  CHICK 

4.0 

4.0 

9.0 

19.041 

9.0 

10.041 

INCINFJR  IN|>  TTCNNOLOOIIS 

9.  0 

4.0 

9.4 

6.131 

0.4 

4.1)1 

OSS  |0N  SUPRORT  T7CHN31COI#  1 

>.  i 

.1.0 

9.9 

1,467 

4.4 

1.447 

Al'FFRAMI  install '«  chfcrolt 

4.  9 

9.3 

0.3 

2.44) 

0.0 

2.44) 

»»0»LLSI0N  I5F«1 

o.  a 

4.4 

4.0 

9.0 

4.4 

o.a 

AVIONICS  IOF«) 

).  ) 

3.1 

3.3 

4.4 

0.9 

9.4 

A/V  INTFB*  AT | ON  . ASST.  IN  STALL 

14. OSS 

2.663 

L * 33* 

9.0 

2.341 

13.717 

UNCLASSIFIED 


AIRCRAFT  ISADS  MIN 

■■fluruiiThttwiAam 


FIN  IFI 10 

AND  IN  1177  QC LIAR 3 


Mj.-fF.S- 


flma UL.,coii.-fnfl m lliliit r 


UUUiUUUUi 

SHUT 

-I  HKnw 

?0R0  INO 

sa*i 


1UU  JOLTS  -Uiu  „UC*  MUX* 

-J.  4V'  1.  0.  1.0*7 

111*1.  . 0.  0.  9.  I.OAT 

— mrfc — fc- 

10*11.  0.  9.  0.  1.074 

l*SLO. ! » AH.  ..  I T4 1 . It.  L.L1S 


nuijutuui^oiiit 

NORMAL  FOACI  ON  i|RO  SORFACII 
MAXIMUM  MACH  NUMIIA 
LAND  INO  SINK  RATS-FT/1IC 


-t-m — 


4.09 
1.40 



Aim! 
L4II4A. 
>. 


TOTAL  sls  thruit/ino  * LIS 
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Appendix  K 
TASK  SUMMARIES 
For 

High  Priority  Technologies  for  1995  Strategic  Aircraft 


UNCLASSIFIED 

TASK  SUMMARY.  ADVANCED  SUPERCRITICAL  WINGS 


DESCRIPTION 

(U)  Advanced  Supercritical  Wings  will  extrapolate  current  supercritical 
technology  using  advanced  computational  capabilities  to  provide  reduced  drag 
at  high  subsonic  Mach  numbers . These  wings  will  be  designed  in  three  dimen- 
sions using  transonic  relaxation  solutions  to  the  small  disturbance  theory  or 
full  potential  equations  of  motion.  The  resulting  wing  will  be  optimized 
such  that  the  upper  surface  shock  will  be  minimized,  avoiding  the  pressure 
drag  rise  associated  with  shock  strength. 


REQUIREMENT 

(U)  Advanced  Supercritical  Wings  were  assumed  for  the  ISADS  baseline  concepts 
because  of  the  roughly  10%  improvement  in  aerodynamic  efficiency  (ML/D)  they 
provide.  Other  applications  include  all  high  speed  cruising  aircraft. 

(U)  Currently,  supercritical  technology  is  well  documented  in  wind  tunnel  and 
flight  test  research  for  the  airfoil  technology.  Analytical  analysis  tech- 
niques are  available.  The  prime  required  advance  is  to  extend  these  to  3-D 
design  procedure  and  airplane  synthesis.  When  this  is  accomplished,  three- 
Dimensional  wing  design  and  optimization  will  provide  nearly  shock- free  wings, 


TECHNICAL  APPROACH 

(U)  Ongoing  research  is  developing  the  aerodynamic  and  computational  technolo- 
gies required  for  the  development  of  advanced  supercritical  wings.  Pull  3-D 
wing  design  should  be  available  in  the  1990-2000  time  frame. 


FUNDING  REQUIREMENTS 

(U)  A development  cost  of  $10  million  has  been  estimated. 
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TASK  SUMMARY,  LAMINAR  SURFACE  COATINGS 


DESCRIPTION 

(U)  Laminar  surface  coatings  are  plastic  coverings  supplied  over  the  aircraft 
skin  which,  by  their  smoothness,  delay  transition  of  the  boundary  layer.  Ihis 
reduces  the  skin  friction  drag  yielding  net  cost  and  weight  savings. 


REQUIREMENT 

(U)  Laminar  surface  coatings  realized  an  81  reduction  in  take* off  gross 
weight  for  the  ISADS  baselines.  These  coatings  could  be  applicable  to  any 
aircraft.  Currently  this  technology  is  being  demonstrated  on  general  aviation 
aircraft,  and  is  commercially  available.  Application  to  large,  high  speed 
aircraft  will  require  research  to  define  the  lightest  and  most  durable  cover* 
ings  to  use. 


TECHNICAL  APPROACH 

(U)  The  basic  concept  of  laminar  surface  coatings  is  proven.  Research  is 
needed  to  define  the  best  coatings  to  use  for  large,  high  speed  aircraft,  and 
to  wind  tunnel  and  flight  test  the  selected  coatings.  Laminar  surface  coatings 
could  be  available  by  1985. 


FUNDING  REQUIREMENTS 

(U)  Development  and  test  of  laminar  surface  coatings  for  large,  high  speed 
aircraft  should  cost  $3*5  million. 
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TASK  SUMMARY,  ACTIVE  BOUNDARY  LAYER  SUCTION 


DESCRIPTION 

(U)  Active  boundary  later  suction  involves  mechanically  removing  the  boundary 
layer  off  of  the  aircraft's  skin  by  means  of  auxiliary  pumps  and  ducting. 

This  allows  laminar  flow,  offering  drag  reduction  yielding  net  weight  and  cost 
savings . 


REQUIREMENT 

(U)  Application  of  laminar  flow  via  active  boundary  layer  suction  to  the 
ISADS  baselines  produced  gross  weight  reductions  of  over  121  despite  a con- 
servatively assumed  10,000  lb  dead  weight  penalty  for  pumps,  ducts  and  wing 
redesign.  Studies  of  cruise-only  transport  aircraft  have  shown  even  higher 
savings . 

(U)  Boundary  layer  suction  has  been  verified  in  the  X- 21  flight  research  pro- 
gram conducted  by  Dr.  W.  Phenninger  and  his  associates,  as  well  as  numerous 
wind  tunnel  programs.  The  primary  difficulties  remaining  are  the  weight  and 
operational  penalties  of  the  required  ducts  and  pumps,  and  the  solution  to  the 
ingestion  problem. 


TECHNICAL  APPROACH 

(U)  The  concept  of  active  boundary  layer  suction  is  well  established.  The 
remaining  technical  effort  should  focus  on  structural  concepts  for  minimising 
the  duct  weight  penalty,  and  investigation  of  ways  to  alleviate  ingestion. 
Additional  problems  including  moisture  effects,  allowable  roughness,  and  lead- 
ing edge  instability  require  investigation.  Active  boundary  layer  suction 
could  be  available  by  the  1990 's. 


FUNDING  REQUIREMENTS 

(U)  Recent  estimates  of  funding  requirements  for  the  development  of  a feasible 
active  boundary  layer  suction  system  have  ranged  from  $100  to  $200  million. 
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TASK  SUMMARY.  COMPOSITE  PRIMARY  STRUCTURES 


DESCRIPTION 

(U)  Composite  primary  structure  will  apply  composite  materials,  mostly 
graphite/epoxy,  to  the  aircraft's  major  load  carrying  structures.  This 
includes  the  wing  box,  fuselage,  and  tail  surfaces.  Major  weight  and  cost 
savings  will  be  realized,  as  well  as  making  feasible  such  concepts  as  aero- 
elastic  tailoring  and  forward  swept  wings. 


REQUIREMENT 

(U)  The  application  of  composite  materials  to  the  aircraft's  primary  struc- 
ture yielded  over  10%  reductions  in  cost  and  take-off  gross  weight  for  the 
ISADS  concepts.  Currently,  composites  are  seeing  wide  application  in  non- 
primary  structures  such  as  weapons  bay  doors  and  inlet  ramps.  Test  articles 
of  composite  primary  structures  such  as  B1  tail  surfaces  have  been  fabricated 
and  show  30-40%  component  cost  and  weight  savings.  These  conposite  primary 
structures  will  be  applied  to  all  types  of  aircraft  when  problems  such  as 
fastening,  weather  and  moisture  effects,  and  bird  or  hail  strike  are  resolved. 


TECHNICAL  APPROACH 

(U)  Ongoing  research  is  pursuing  the  application  of  composite  materials  to 
primary  structure.  Application  to  production  aircraft  should  be  available  in 
the  1985  to  1995  time  frame. 


FUNDING  REQUIREMENTS 

(U)  Development  of  routine  application  of  composite  material  to  aircraft 
primary  structure  will  require  $200-300  million. 
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TASK  SUMMARY.  SPP/DB  TITANIUM 


UNCLASSIFIED 


DESCRIPTION 

(U)  Superplastic  formed/diffusion  bonded  titanium  is  produced  by  forming 
multiple  sheets  of  titanium  under  elevated  temperatures  and  pressures,  produc- 
ing a single  formed  part  featuring  light  weight  and  a high  degree  of  geometric 
complexity.  This  allows  fewer  parts  for  reduced  manufacturing  costs, 


REQUIREMENT 

(U)  The  application  of  SPF/DB  titanium  to  the  hot  parts  of  the  ISADS  concepts 
yielded  approximately  2%  reductions  in  take  off  gross  weight,  and  a 3-51  reduc- 
tion in  cost.  Currently  SPF/DB  titanium  has  been  successfully  used  in  portions 
of  the  B1  nacelles,  and  a B1  fuselage  frame  test  specimen  has  been  successfully 
fabricated  and  tested. 

(U)  SPF/DB  titanium  will  see  application  in  the  nacelle  area  of  most  aircraft. 
Additionally,  it  offers  a construction  technique  for  aircraft  skins  with 
laminar  flow  ducts  built  right  in. 


TECHNICAL  APPROACH 

(U)  Current  research  programs  are  developing  the  SPF/DB  processes.  The  major 
program  addressing  them  is  the  Built-Up  Low  Cost  Advanced  Titanium  Structure 
(BLA.TS)  program.  This  program  will  fabricate  a main  central  selection  of  a 
representative  fighter  concept  primarily  out  of  SPF/DB  titanium.  This  and 
other  programs  will  make  SPF/DB  titanium  available  for  large  scale  usage  by 
the  mid  1980 's. 


FUNDING  REQUIREMENTS 

(U)  Further  development  of  SPF/D  titanium  technology  has  been  estimated  at 
$10-20  million. 
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TASK  SUMMARY , LAMINAR  PLOW  CONTROL  STRUCTURES 


DESCRIPTION 

(U)  Laminar  flow  control  (LFC)  structures  are  structures  which  inherently 
allow  for  laminar  flow  control  ducting.  LFC  structures  have  ducting  and  sur- 
face porosity  built  in,  thereby  minimizing  the  weight  penalty  associated  with 
laminar  flow  control. 


REQUIREMENT 

(U)  The  ISADS  active  boundary  layer  suction  trade  study  showed  a 121  reduction 
in  take  off  gross  weight,  despite  assuming  a large  weight  penalty  for  laminar 
flow  control  pumps  and  ducts.  LFC  structure  technology  could  yield  another 
101  reduction  beyond  this,  by  building  the  ducting  and  slots  into  the  wing  skin. 

(U)  LFC  structures  would  find  application  on  all  range-dominated  aircraft 
that  could  benefit  from  active  boundary  layer  control. 


TECHNICAL  APPROACH 

(U)  The  most  promising  approach  for  LFC  structures  is  the  use  of  Superplastic 
Formed/Diffusion  Bonded  (SPF/DB)  titanium.  This  would  enable  ducts  and  slots 
to  be  formed  into  the  wing  skin  in  one  process.  SPF/DB  titanium  LFC  struc- 
ture should  be  available  by  the  late  1980's. 

(U)  An  alternate  approach  offering  even  greater  weight  savings  is  the  use  of 
SPF  aluminum.  This  could  allow  LFC  structure  at  virtually  no  weight  penalty. 
SPF  aluminum  is  not  expected  to  mature  until  the  late  1990 's. 


FUNDING  REQUIREMENTS 

(U)  Application  of  SPF/DB  titanium  to  produce  LEC  structures  should  cost 
approximately  $10  million. 
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TASK  SUMMARY.  ADVANCED  AFTERBURNING  TURBOFAN 


DESCRIPTION 

(U)  Controlled  evolution  rather  than  revolution  is  forseen  in  propulsion. 
Engine  thrust* to ‘weight  ratios  as  high  as  twelve  are  projected  based  on 
improvements  in  overall  pressure  ratio,  component  aerodynamics  and  materials, 
and  augmentor  efficiencies.  Variable  cycle  will  be  available  for  aircraft 
encountering  widely  different  flight  conditions,  but  cost  is  expected  to  keep 
application  to  extreme  cases. 


REQUIREMENT 

(U)  The  ISADS  study  indicated  approximately  a 151  reduction  in  take-off  gross 
weight  due  to  these  improvements  over  current  engines.  This  general  improve* 
ment  in  the  propulsion  state  of  the  art  will  be  applicable  to  all  aircraft, 
with  availability  in  the  1990's. 


TECHNICAL  APPROACH 

(U)  Currently  planned  research  will  bring  about  these  advances.  This  research 
will  be  directed  in  several  areas. 

(U)  Compressors  will  be  improved  by  the  use  of  3-D  flow  analysis  programs 
capable  of  design  as  well  as  analysis.  Centrifugal  compressors  may  be  in 
incorporated,  contributing  to  reduced  cost  as  well  as  higher  pressure  ratios. 

(U)  Combustors  and  turbines  will  also  be  improved  by  the  use  of  3-D  flow 
analysis  and  design  programs.  Additionally,  improved  materials  such  as 
ceramics  will  permit  much  higher  operating  tenperatures . 

C U)  Augmentors  will  yield  higher  efficiencies  with  less  weight  and  bulk  by  the 
use  of  swirl  can  burners. 


FUNDING  REQUIREMENTS 

(U)  Overall  propulsion  development  costs  will  be  on  the  order  of  $100  million 
to  $1  billion. 
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TASK  SUNMARY,  ACTIVE  CONTROLS 


DESCRIPTION 

(U)  The  specific  active  controls  technologies  identified  as  high  priority  for 
the  ISADS  concepts  are  relaxed  static  stability,  maneuver  load  control,  and 
structural  mode  control.  All  depends  on  the  use  of  fly-by-wire  technology, 
which  is  now  considered  state  of  the  art. 

(U)  Relaxed  static  stability  uses  automatic  longitudinal  feedback  controls  to 
augment  the  aircraft  stability.  This  allows  a smaller  horizontal  tail,  a 
further  aft  center-of-gravity,  and  hence  reduced  drag  and  weight. 

(U)  Maneuver  load  control  reduces  structural  weight  by  automatically  unloading 
the  wingtips  in  a turn  or  pullup.  This  allows  reduced  structural  load  factor 
margins,  which  reduce  structural  weight.  1 

(U)  Structural  mode  control  uses  aerodynamic  controls  to  damp  out  structural 
bending  modes.  This  reduces  the  excess  structural  weight  required  solely  to 
meet  stiffness  criteria. 


REQUIREMENT 

(U)  The  ISADS  study  indicated  approximately  SI  gross  weight  reductions  due  to 
relaxed  static  stability,  71  reduction  due  to  maneuver  load  control,  and  81 
reduction  due  to  structural  mode  control.  Active  control  technology  is  con- 
sidered near  tern,  with  the  required  fly-by-wire  and  digital  avionics  capa- 
bilities considered  current  state  of  the  art.  Active  control  technology  will  be 
be  applicable  to  virtually  all  high-technology  aircraft. 


TECHNICAL  APPROACH 

(U)  Required  research  for  the  implementation  of  active  controls  is  well  under 
way.  Relaxed  static  stability  and  structural  mode  control  have  been  demon- 
strated in  the  F-16  and  B1  [respectively) , and  maneuver  load  control  will  be 
featured  on  the  next  version  of  the  L1011.  All  will  be  considered  routine 
state  of  the  art  by  1985. 


FUNDING  REQUIREMENTS 

(U)  Approximately  $8  million  will  be  spent  perfecting  active  controls 
technology  in  the  next  five  years. 
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TASK  SUMMARY,  STEALTH  TECHNOLOGIES 


DESCRIPTION 

(U)  Stealth  technologies  increase  an  aircraft's  survivability  by  reducing  the 
probability  of  its  detection  by  opposing  forces.  Stealth  technologies  con* 
sidered  essential  to  the  ISADS  stealth  concept  are  radar  absorbent  materials 
CRAM)»  radar  reflective  flashed  glass  canopy,  tuned  randoms  and  cooled  plug 
nozzle. 

(U)  Radar  absorbent  materials  (RAM)  are  dielectric  materials  into  which 
electrically  active  elements  are  positioned  which  absorb  radar  energy.  These 
RAM  materials  may  be  either  applied  as  a coating  over  existing  structure,  or 
built  os  structural  RAM  which  can  replace  existing  structure. 

(U)  The  radar  signature  caused  by  the  cockpit  cavity  is  reduced  by  flashing 
the  canopy  glass  with  metal,  usually  gold.  This  makes  the  glass  radar  reflec* 
tive  so  that  the  inside  cockpit  cavity  is  not  encountered  by  the  radar  energy. 

(U)  In  similar  fashion,  the  randoms  cavity  signature  is  reduced  by  adding  a 
slotted  metallic  foil  which  allows  only  the  frequency  of  the  aircraft's  radar 
to  pass.  For  all  other  frequencies,  this  "tuned"  radome  appears  solid, 
eliminating  the  radome  cavity  signature. 

(U)  Cooled  plug  nozzles  reduce  infrared  signature  by  cooling  the  exhaust  flow 
and  shielding  the  hot  parts.  In  addition,  proper  shaping  can  reduce  radar 
signature  by  hiding  the  rear  engine  face. 


REQUIREMENT 

(U)  These  stealth  technologies  were  considered  essential  to  the  ISADS  stealth 
concept  because  they  offer  significant  reductions  in  the  probability  of 
detection.  This  in  turn  increases  the  aircraft's  probability  of  survival. 


TECHNICAL  APPROACH 

(U)  The  greatest  improvement  needed  in  RAM  is  an  increase  in  the  frequency 
range  of  the  highly  absorbent  types  of  RAM.  In  addition,  RAM  materials  must 
be  developed  to  withstand  high  temperatures . This  will  allow  radar  absorbing 
nozzle  structures. 

(U)  Gold-f lashed  canopies  are  current  state  of  the  art.  Additional  research 
should  address  reductions  in  cost  and  the  loss  of  optical  transmissivity 
caused  by  the  flashing. 
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(U)  Ongoing  research  is  developing  both  the  tuned  radome  and  cooled  plug 
nozzle,  with  availability  expected  in  the  1990*8. 


FUNDING  REQUIREMENTS 

(U)  Total  funding  requirements  for  these  stealth  technologies  is  estimated 
on  the  order  of  $100  million. 
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Dear  Ms.  Akers 

This  concerns  Technical  Report  ADC0 16293,  Innovative  Strategic  Aircraft  Design  Study 
(ISADS)  Phase  1 - Jun  1978, 

Subsequent  to  WPAFB  FOIA  Control  Number  07-153LK,  the  distribution  statement: 
“Distribution  authorized  to  U.S.  Vog’t  agencies  and  their  contractors;  Specific  Authority;  May  78. 
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